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#INT
INTRODUCTION

THE VELSICOL/HARDEMAN COUNTY LANDFILL WAS PROPOSED FOR INCLUSION ON THE NATIONAL PRIORITIES LIST
("NPL") IN DECEMBER OF 1982 AND WAS FINALIZED ONTO THE NPL IN SEPTEMBER OF 1983.  ON 242 ACRES
IN HARDEMAN COUNTY, TENNESSEE, VELSICOL CHEMICAL CORPORATION OPERATED THE 27 ACRE LANDFILL FOR
THE DISPOSAL OF PLANT WASTE GENERATED AT THEIR MEMPHIS, TENNESSEE PLANT.  THE REMEDIAL
INVESTIGATION ("RI") REPORT WHICH EXAMINES AIR, SEDIMENT, SOIL, SURFACE WATER, AND GROUNDWATER
CONTAMINATION WAS COMPLETED IN APRIL 1991.  THE OPERABLE UNIT I FEASIBILITY STUDY ("FS") WHICH
DEVELOPS AND EXAMINES ALTERNATIVES FOR REMEDIATION OF THE GROUNDWATER WAS SUBMITTED TO THE
PUBLIC INFORMATION REPOSITORY WITH THE RI REPORT IN APRIL OF 1991.

THIS RECORD OF DECISION ("ROD") HAS BEEN PREPARED TO SUMMARIZE THE REMEDIAL ALTERNATIVE
SELECTION PROCESS AND TO PRESENT THE SELECTED REMEDIAL ALTERNATIVE, IN ACCORDANCE WITH SECTION
113(K)(2)(B)(V) AND SECTION 117(B) OF THE COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION,
AND LIABILITY ACT OF 1980 ("CERCLA"), AS AMENDED BY THE SUPERFUND AMENDMENTS AND REAUTHORIZATION
ACT (("SARA") P.L. 99-499). THE ADMINISTRATIVE RECORD FOR THE VELSICOL/HARDEMAN COUNTY LANDFILL
SITE FORMS THE BASIS FOR THE RECORD OF DECISION CONTAINED HEREIN.

#SNLD
SITE NAME, LOCATION, AND DESCRIPTION

THE VELSICOL/HARDEMAN COUNTY LANDFILL IS LOCATED ON AN APPROXIMATELY 242-ACRE PARCEL
APPROXIMATELY ONE MILE NORTH OF TENNESSEE STATE HWY 100 ON THE EAST SIDE OF TOONE-TEAGUE ROAD
(SEE FIGURE 1).  THE VELSICOL/HARDEMAN COUNTY LANDFILL AND THE CONTAMINATED AREAS ASSOCIATED
WITH THE LANDFILL WILL HEREINAFTER BE REFERRED TO AS THE "SITE".

THE 242-ACRE PARCEL WAS PURCHASED BY VELSICOL CHEMICAL CORPORATION ("VELSICOL") FOR USE AS A
LANDFILL AND IS PRESENTLY OWNED BY A HOLDING COMPANY FOR VELSICOL.  FROM 1964 TO 1973, THE
LANDFILL WAS OPERATED BY VELSICOL FOR THE DISPOSAL OF THEIR MEMPHIS, TENNESSEE PESTICIDE
MANUFACTURING PLANT'S PRODUCTION WASTE. 

WASTE FROM THE PLANT WAS DISPOSED OF IN TRENCHES EXCAVATED ON 27 ACRES OF THE PROPERTY (THE
"DISPOSAL AREAS").  THE TOP OF THE DISPOSAL AREAS IS GENERALLY FLAT; HOWEVER, THE SIDES OF THE
DISPOSAL AREAS SLOPE DOWN TOWARD THE DRAINAGE AREAS AND CREEKS.  THE DISPOSAL AREAS ARE LOCATED
ON THE WEST SIDE OF PUGH CREEK AND ARE APPROXIMATELY ONE MILE SOUTH OF CLOVER CREEK WHICH
CONTAINS A LARGE WETLANDS AREA.  THE CREEKS ARE USED RECREATIONALLY BUT ARE NOT USED AS A
DRINKING WATER SOURCE.

THE SITE IS LOCATED IN A RURAL PART OF HARDEMAN COUNTY, TENNESSEE AND MOST OF THE LAND USE IN
THE AREA IS AGRICULTURAL.  GROUNDWATER BENEATH THE SITE PROPERTY IS ENCOUNTERED AT APPROXIMATELY
30 FEET BELOW LAND SURFACE DOWN TO A DEPTH BETWEEN 110 TO 170 FEET.  AN ARTESIAN AQUIFER IS
LOCATED AT APPROXIMATELY 220 FEET BELOW LAND SURFACE.  THE SURFICIAL AQUIFER BENEATH THE SITE
PROPERTY, COMPRISED OF THE WILCOX AND CLAIBORNE FORMATIONS, WAS USED AS A POTABLE WATER SUPPLY
IN THE AREA. APPROXIMATELY 26 RESIDENCES ARE LOCATED WITHIN 1 MILE OF THE DISPOSAL AREAS WITH
THE NEAREST RESIDENCE WITHIN ONE-QUARTER OF A MILE FROM THE DISPOSAL AREAS.

DUE TO THE DISPOSAL OF THE INDUSTRIAL AND CHEMICAL WASTES IN THE DISPOSAL AREAS, GOVERNMENT
AGENCIES AND THE NEARBY COMMUNITY HAVE RAISED CONCERNS REGARDING POTENTIAL IMPACT FROM THE SITE.



#SHEA
SITE HISTORY AND ENFORCEMENT ACTIVITIES

HISTORICAL LANDFILLING PRACTICES

IN JULY 1964, VELSICOL PURCHASED THE 242 ACRES OF LAND IN HARDEMAN COUNTY, TENNESSEE,
SPECIFICALLY FOR USE AS A LANDFILL TO DISPOSE OF PLANT WASTE FROM VELSICOL'S MEMPHIS, TENNESSEE
PLANT.  THE PROPERTY, SHOWN ON FIGURE 1, IS BOUND BY THE TOONE-TEAGUE ROAD TO THE WEST AND PUGH
CREEK TO THE EAST. IMMEDIATELY UPON PURCHASING THIS PROPERTY, VELSICOL BEGAN ERECTING A FENCE
AROUND A PORTION OF THE PROPERTY WHERE THE LANDFILLING WAS TO COMMENCE.  THE PURPOSE OF THE
FENCE WAS TO PREVENT LOCAL LIVESTOCK FROM WANDERING ONTO THE AREA DURING ACTIVE LANDFILLING. 
THE FENCE WAS COMPRISED OF THREE STRAND BARBED WIRE.  A GATE WAS PROVIDED AT THE ACCESS POINT
OFF OF THE TOONE-TEAGUE ROAD.

THE LANDFILLING OPERATION COMMENCED IN OCTOBER 1964 AND CONTINUED UNTIL JUNE 1973.  AT THE TIME
OF CLOSURE, WASTE HAD BEEN DISPOSED OF IN THREE SPECIFIC DISPOSAL AREAS WHICH COVERED A TOTAL
AREA OF APPROXIMATELY 27 ACRES.  IT WAS INITIALLY ESTIMATED THAT AN EQUIVALENT OF APPROXIMATELY
300,000 DRUMS OF PLANT WASTE FROM VELSICOL'S MEMPHIS PLANT WERE DISPOSED OF IN THESE THREE
DISPOSAL AREAS.  DURING THE DEVELOPMENT OF THE RI WORK PLAN, VELSICOL COMPLETED A MORE DETAILED
ESTIMATE OF WASTE VOLUMES BASED ON EXTENSIVE EVALUATIONS OF DETAILED PLANT PRODUCTION RATES.  A
MORE ACCURATE ESTIMATE OF WASTE QUANTITY AND TYPE, BASED ON THIS SECOND REVIEW BY VELSICOL, IS
SUMMARIZED IN TABLE 1.

DEVELOPMENT OF THE LANDFILL BEGAN IN OCTOBER 1964 WITH THE NORTHERN DISPOSAL AREA SINCE IT WAS
THE ONLY AREA ON THE PROPERTY WHICH WAS CLEARED OF TREES.  WASTE DISPOSAL COMMENCED ALONG THE
EAST SIDE OF THE NORTH DISPOSAL AREA AND WAS CARRIED OUT LONGITUDINALLY IN THE DIRECTION OF THE
PROPERTY RIDGES.  THE MIDDLE AND SOUTH DISPOSAL AREAS WERE DEVELOPED SOMETIME IN THE LATE 1960S
OR EARLY 1970S.  SUBSEQUENT TO A PUBLIC MEETING HELD IN JACKSON, TENNESSEE IN MARCH 1971, THE
TENNESSEE DEPARTMENT OF HEALTH AND ENVIRONMENT ("TDHE") EVALUATED THE LANDFILLING OPERATION AT
THE SITE.  ON THE BASIS OF THIS EVALUATION, A COMMISSIONER'S ORDER WAS ISSUED TO VELSICOL BY
TDHE WHICH REQUIRED VELSICOL TO CEASE DISPOSAL OPERATIONS IN THE SOUTH DISPOSAL AREA IN AUGUST
1972, BUT ALLOWED LIMITED WASTE DISPOSAL IN THE MIDDLE AND NORTH DISPOSAL AREAS UNTIL JUNE 1973. 
THEREFORE, AFTER CLOSURE OF THE SOUTH DISPOSAL AREA, SELECTED WASTES CONTINUED TO BE DISPOSED OF
IN THE NORTH AND MIDDLE DISPOSAL AREAS UNTIL THE LANDFILL WAS PERMANENTLY CLOSED IN JUNE 1973. 

PLANT WASTE WAS DISPOSED OF IN TRENCHES WHICH WERE EXCAVATED LONGITUDINALLY ALONG THE TOP OF THE
PROPERTY RIDGES.  VELSICOL'S RECORDS INDICATE THAT EACH TRENCH WAS EXCAVATED TO A DEPTH OF 12 TO
15 FEET; TO A WIDTH OF 10 TO 12 FEET; AND TO A LENGTH OF 200 TO 500 FEET.  TRENCHES WERE PLACED
APPROXIMATELY FOUR TO EIGHT FEET APART.

AS EACH TRANSPORT VEHICLE ARRIVED AT THE DISPOSAL AREAS, THE CONTAINERIZED WASTE WAS DUMPED OFF
THE TRUCK INTO ONE OF THE EXCAVATED DISPOSAL TRENCHES.

ON OCCASION, DRUMS WERE SET UPRIGHT IN THE TRENCHES UPON DISPOSAL.  IN MOST CASES, HOWEVER, THE
CONTAINERIZED WASTE WAS LEFT IN THE TRENCH IN THE RANDOM ORDER AND ORIENTATION OF WHICH IT HAD
BEEN DUMPED.  DISPOSED WASTE WAS COVERED DAILY WITH SOIL EXCAVATED FROM THE TRENCHES.  UPON
FILLING WITH WASTE, EACH TRENCH WAS COVERED WITH A MINIMUM OF THREE FEET OF SOIL WHICH HAD
PREVIOUSLY BEEN EXCAVATED FROM THE AREA.  THE COVER MATERIAL WAS PLACED AND COMPACTED WITH A
BULLDOZER AND WAS MOUNDED OVER THE BACKFILLED TRENCHES TO ALLOW FOR FUTURE SETTLEMENT. 
PERIODICALLY, AS THE BACKFILLED AREAS SETTLED, REPAIRS WERE MADE BY BACKFILLING WITH ADDITIONAL
SOIL.

INVESTIGATIONS AND STUDIES COMPLETED TO DATE 



INVESTIGATIVE STUDIES AT THE SITE WERE STARTED AS EARLY AS 1967 WHEN THE UNITED STATES
GEOLOGICAL SURVEY ("USGS") REPORTED ON THE POTENTIAL OF THE DISPOSED WASTES TO CONTAMINATE THE
GROUNDWATER BENEATH THE DISPOSAL AREAS.  FINDINGS OF THESE STUDIES LEAD TO THE ABOVE-REFERENCED
COMMISSIONER'S ORDER LIMITING ADDITIONAL DISPOSAL IN THE TRENCHES AND FINALLY CLOSING THE
DISPOSAL AREAS IN 1973.  BY LATE 1978, STATE AND FEDERAL INVESTIGATIONS HAD CONFIRMED
GROUNDWATER CONTAMINATION IN PRIVATE WELLS.  THE USE OF WELLS BY RESIDENCES IN THE VICINITY OF
THE DISPOSAL AREAS FOR DOMESTIC WATER SUPPLY WAS HALTED, AND IN EARLY 1979, A PUBLIC WATER
SUPPLY REPLACED THE PRIVATE DRINKING WATER WELLS.  IN 1980, BASED ON STUDIES PREPARED BY THE
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY ("USEPA"), TDHE, USGS AND CONTRACTORS WORKING FOR
VELSICOL, A LOW PERMEABILITY CLAY CAP COVERING APPROXIMATELY 35 ACRES WAS PLACED OVER THE 
DISPOSAL AREAS TO CONTROL AND MINIMIZE ADDITIONAL IMPACTS FROM THE SITE.

AFTER THE COMPLETION OF THE CAP, A MONITORING PROGRAM WAS IMPLEMENTED BY VELSICOL AND OVERSEEN
BY USEPA AND TDHE TO ASSESS THE EFFECTIVENESS OF THE CAP.  THE MONITORING PROGRAM INCLUDED THE
REGULAR MONITORING OF GROUNDWATER QUALITY, SURFACE WATER AND SEDIMENT QUALITY IN PUGH AND CLOVER
CREEKS, A REGIONAL GROUNDWATER ELEVATION SURVEY SURROUNDING THE SITE AND THE INSTALLATION OF
LYSIMETERS BENEATH THE CLAY CAP.

IN DECEMBER 1982, THE SITE WAS PROPOSED FOR INCLUSION ON THE NPL.  THE RESULTS OF THE MONITORING
PROGRAM WERE PRESENTED IN FEBRUARY OF 1985, AND ON NOVEMBER 5, 1985, TDHE ISSUED A NOTICE TO
VELSICOL STATING THAT A REMEDIAL INVESTIGATION/FEASIBILITY STUDY ("RI/FS") WOULD HAVE TO BE
PERFORMED FOR THE SITE.  USEPA AND TDHE ENTERED INTO A SITE ENFORCEMENT AGREEMENT IN JULY OF
1986 MAKING TDHE THE LEAD AGENCY RESPONSIBLE FOR ENFORCING THE REMEDIAL ACTIVITIES PERFORMED AT
THE SITE.  ON JANUARY 7, 1987, TDHE ISSUED A COMMISSIONER'S ORDER REQUIRING VELSICOL TO PERFORM
THE RI/FS FOR THE SITE.  IN LATE 1988, EPA REGION IV BECAME THE LEAD AGENCY, AND IN FEBRUARY OF
1989 ENTERED INTO AN ADMINISTRATIVE ORDER ON 1 CONSENT WITH VELSICOL TO COMPLETE THE RI/FS.  THE
RI AND FS REPORTS WERE COMPLETED IN EARLY APRIL OF 1991 AND WERE PLACED IN THE INFORMATION
REPOSITORY ALONG WITH THE ADMINISTRATIVE RECORD ("AR") PRIOR TO APRIL 15, 1991.

#HCP
HIGHLIGHTS OF COMMUNITY PARTICIPATION

DURING THE EARLY 1980S, NUMEROUS COMMUNITY RELATIONS MEETINGS WERE HELD TO ADDRESS COMMUNITY
CONCERNS.  AFTER CONTAMINATED WELL USAGE WAS REPLACED WITH PUBLIC WATER, AND THE LANDFILL WAS
COVERED WITH THE LOW-PERMEABILITY CAP, THE COMMUNITY WAS INFORMED THROUGH FACT SHEETS,
INFORMATION PLACED IN THE SITE REPOSITORY, AND CONTACT WITH STATE AND FEDERAL OFFICIALS.

IN FEBRUARY OF 1988, AS PART OF THE RI, A COMMUNITY RELATIONS PLAN ("CRP") WAS PREPARED BY THE
TDHE WITH ASSISTANCE FROM THE UNIVERSITY OF TENNESSEE.  THIS DOCUMENT LISTS CONTACTS AND
INTERESTED PARTIES THROUGHOUT GOVERNMENT AND THE LOCAL COMMUNITY.  IT ALSO ESTABLISHES
COMMUNICATION PATHWAYS TO ENSURE TIMELY DISSEMINATION OF PERTINENT INFORMATION.  BASED ON THE
CRP, A PUBLIC MEETING WAS HELD TO DISCUSS THE RI/FS PROCESS WITH THE COMMUNITY.

IN APRIL OF 1991, THE RI/FS AND THE PROPOSED PLAN FOR THE GROUNDWATER OPERABLE UNIT ("PROPOSED 
PLAN") WERE RELEASED TO THE PUBLIC.

ALL OF THESE DOCUMENTS WERE MADE AVAILABLE IN THE ADMINISTRATIVE RECORD LOCATED AT USEPA, REGION
IV AND THE INFORMATION REPOSITORY MAINTAINED AT THE BOLIVAR-HARDEMAN COUNTY PUBLIC LIBRARY.

A PUBLIC COMMENT PERIOD WAS HELD FROM APRIL 25, 1991 TO MAY 24, 1991. IN ADDITION, A PUBLIC
MEETING WAS HELD ON APRIL 25, 1991 TO PRESENT THE RESULTS OF THE RI/FS AND THE PREFERRED
ALTERNATIVE AS PRESENTED IN THE PROPOSED PLAN.  ALL COMMENTS WHICH WERE RECEIVED BY USEPA PRIOR
TO THE END OF THE PUBLIC COMMENT PERIOD, INCLUDING THOSE EXPRESSED VERBALLY AT THE PUBLIC 
MEETING, ARE ADDRESSED IN THE RESPONSIVENESS SUMMARY WHICH IS ATTACHED, AS APPENDIX A, TO THIS 



RECORD OF DECISION.

#SRRA
SCOPE AND ROLE OF RESPONSE ACTION

THE SCOPE OF THIS RESPONSE ACTION IS TO ADDRESS THE OFF-SITE GROUNDWATER CONTAMINATION AND
PREVENT ADDITIONAL CONTAMINATION FROM LEAVING THE DISPOSAL AREAS VIA MIGRATION THROUGH THE
GROUNDWATER.  THIS RESPONSE ACTION IS THE FIRST OF TWO OR MORE OPERABLE UNITS ("OP UNIT") OR
REMEDIATION PHASES THAT WILL BE USED TO ADDRESS THE CONTAMINATION OF THE ENTIRE SITE INCLUDING
THE LANDFILL WASTES AND ANY LONG TERM ENVIRONMENTAL EFFECTS CAUSED BY THE MIGRATION OF WASTE
FROM THE DISPOSAL AREAS.  THE PREFERRED ALTERNATIVES FOR THE GROUNDWATER OP UNIT ("OP UNIT #1")
WILL ADDRESS THE REMEDIATION OF CONTAMINATION IN THE GROUNDWATER BEYOND THE DISPOSAL AREAS 
BOUNDARIES PRIOR TO ITS DISCHARGE INTO THE NEARBY SURFACE WATER BODIES OF CLOVER AND PUGH 
CREEKS.

A REMEDY FOR THE GROUNDWATER IS PROPOSED TO PROTECT PUBLIC HEALTH AND THE ENVIRONMENT BY
CONTROLLING EXPOSURE TO THE CONTAMINATED GROUNDWATER AND CONTROLLING MIGRATION OF THE
CONTAMINATION THROUGH THE GROUNDWATER TO SOILS, SEDIMENTS AND SURFACE WATER BODIES.  THE
GROUNDWATER IS BEING ADDRESSED FIRST FOR A NUMBER OF REASONS:

1. CONTAMINANTS IN THE GROUNDWATER ARE ABOVE MAXIMUM CONTAMINANT LEVELS ("MCLS") FOR DRINKING
WATER AND POSE A HEALTH RISK FOR ANYONE USING THE GROUNDWATER.  PRESENTLY, HOMES IN THE
AREA ARE BEING SUPPLIED WATER DUE TO THE GROUNDWATER CONTAMINATION.

2. GROUNDWATER TREATMENT CAN BE STARTED WHILE ADDITIONAL STUDIES ARE PERFORMED AND EVALUATED. 
THESE ADDITIONAL STUDIES ARE REQUIRED FOR DETERMINING REMEDIATION TECHNOLOGIES FOR
CONTROLLING THE SOURCE ARE PERFORMED AND EVALUATED.

3. GROUNDWATER IS PRESENTLY DISCHARGING INTO THE NEARBY SURFACE WATER BODIES, AND HIGHER
LEVELS OF CONTAMINANTS WILL BE DISCHARGING TO THE CREEKS OVER THE NEXT FOUR YEARS. 

FUTURE RESPONSE ACTIONS WILL ADDRESS OTHER SITE CONTAMINATION AND PRINCIPAL THREATS COMPLETING
REMEDIATION OF THE ENTIRE SITE.

#SSC
SUMMARY OF SITE CHARACTERISTICS

THE SOURCE OF THE SITE CONTAMINATION INCLUDING THE GROUNDWATER IS THE 27-ACRE WASTE DISPOSAL
AREAS (SEE FIGURE 2) LOCATED WITHIN THE SITE.

SAMPLING OF THE DISPOSAL AREAS, NEARBY SOILS, SURFACE WATER, SEDIMENTS AND GROUNDWATER WAS
PERFORMED DURING THE REMEDIAL INVESTIGATION ("RI"), AND THE RESULTS OF THE SAMPLING ARE
CONTAINED IN THE APRIL 1991 RI REPORT.  THIS RECORD OF DECISION FOR OP UNIT #1 WILL ADDRESS ONLY
THE RESULTS OF THE GROUNDWATER PORTION OF THE RI SINCE ADDITIONAL STUDIES ARE REQUIRED TO
EVALUATE FINAL DISPOSAL AREA REMEDIES.

GEOLOGY AND STRATIGRAPHY

THE SITE IS LOCATED ON THE EASTERN FLANK OF THE MISSISSIPPI EMBAYMENT (SEE FIGURE 3).  THE
EMBAYMENT IS A THICK SUITE OF SEDIMENTS DEPOSITED IN A LARGE SYNCLINE OR GEOLOGIC TROUGH,
COVERING APPROXIMATELY 100,000 SQUARE MILES IN THE GULF COASTAL PLAIN.  THE AXIS OF THE SYNCLINE
PLUNGES TO THE SOUTH, I.E. THE SEDIMENTS THICKEN TO THE SOUTH, WITH ITS AXIS ROUGHLY FOLLOWING
THE MISSISSIPPI RIVER.  A CROSS SECTION OF THE AREA IS SHOWN IN FIGURE 4.



THE PORTER'S CREEK CLAY IS A THICK SEQUENCE, AVERAGING APPROXIMATELY 120 FEET OF LARGELY GRAY TO
BLACK PALEOCENE CLAY, WITH NONCONTINUOUS SUBORDINATE LENSES OF SAND.  THIS SEQUENCE OF CLAYS
EFFECTIVELY SEALS OFF THE LOWER FORMATIONS FROM ANY CONTAMINATION IN THE OVERLYING WILCOX AND
CLAIBORNE (EOCENE) FORMATIONS.

THE WILCOX FORMATION UNCONFORMABLY OVERLIES THE PORTER'S CREEK CLAY, I.E. THERE IS AN EROSIONAL
BREAK BETWEEN THE TWO FORMATIONS.  THE WILCOX, ESTIMATED TO BE 75 TO 125 FEET THICK IN THE
STUDY  AREA, IS A HETEROGENEOUS UNIT OF SAND WITH SOME SILT AND CLAY, WITH OCCASIONAL BEDS OF 
LIGNITE, KAOLIN, AND SIDERITE (FECO3).  THESE SEDIMENTS ARE INTERBEDDED AND INTERLENSED, AND ARE
NOT LATERALLY PERSISTENT.  THEY ARE TYPICAL OF NONMARINE FLUVIAL OR DELTAIC DEPOSITS.  THIS LACK
OF LATERAL CONTINUITY IS ONE OF THE KEY FACTORS IN QUESTIONING THE ABILITY OF THE FORMATIONS TO
RECEIVE CONTINUOUS REINJECTION OF TREATED GROUNDWATER AT THE SITE.

THE CLAIBORNE FORMATION IS SIMILAR TO THE WILCOX WITH MANY VERTICAL AND HORIZONTAL
DISCONTINUITIES.  THE CLAIBORNE IS COMPRISED PREDOMINANTLY OF INTERBEDDED SANDS WITH LENSES AND
THIN BEDS OF CLAY AND SANDY CLAY, AND SOME THIN LENSES OF KAOLIN.  ITS MAXIMUM THICKNESS IN
WESTERN TENNESSEE IS UP TO 1100 FEET, BUT IN THE STUDY AREA IT RANGES FROM 0 TO 125 FEET.

THE WILCOX-CLAIBORNE CONTACT USUALLY IS NOT DISCERNIBLE IN TENNESSEE BECAUSE (1) THE LITHOLOGIES
ARE SIMILAR, (2) THE STRATIGRAPHIES OF THE TWO FORMATIONS ARE SO VARIABLE, AND (3) THE BOUNDARY
BETWEEN THE TWO IS EROSIONAL AND, THEREFORE, NOT AT ALL UNIFORM.

QUATERNARY ALLUVIAL SEDIMENTS OVERLIE MOST OF THE CLAIBORNE FORMATION IN THIS AREA.  THIS
ALLUVIUM IS SIMILAR TO THE CLAIBORNE SEDIMENTS AND COULD NOT BE DIFFERENTIATED FROM THEM IN THE
STUDY AREA.  THE ALLUVIUM IS USUALLY CAPPED BY LOESS, WHICH IS GLACIALLY DERIVED, WIND BLOWN,
VERY ANGULAR SILT.  SILT WAS PRESENT AT THE SURFACE AT 9 OF 12 WELL LOCATIONS DRILLED NEAR THE
SITE.  THE THICKNESS OF THE LOESS DEPOSITS RANGES FROM 0 TO ABOUT 12 FEET.

HYDROGEOLOGY

THE PORTER'S CREEK CLAY IS AN AQUITARD THAT FORMS THE LOWER BOUNDARY OF THE WATER TABLE AQUIFER
IN NORTHERN HARDEMAN COUNTY.  THE SANDS OF THE WILCOX AND CLAIBORNE FORMATIONS ARE
HYDROLOGICALLY CONNECTED AND FORM ONE HYDROSTRATIGRAPHIC UNIT AS THE WATER TABLE AQUIFER.  THIS
AQUIFER RANGES FROM APPROXIMATELY 65 TO 125 FEET THICK IN THE STUDY AREA AND IS CONSIDERED A
CLASS IIA AQUIFER.

PRECIPITATION IS THE PRINCIPAL SOURCE OF GROUNDWATER RECHARGE.  ON A BROAD, REGIONAL SCALE,
MOVEMENT OF GROUNDWATER GENERALLY FOLLOWS THE DIP OF THE SEDIMENTS, WHICH IS TO THE WEST TOWARD
THE MISSISSIPPI RIVER. FLOW DIRECTIONS WITHIN THE WATER TABLE AQUIFER IN THE OUTCROP AREA, SUCH
AS AT THE SITE, ARE PRIMARILY CONTROLLED, HOWEVER, BY THE LOCAL TOPOGRAPHY AND NEARBY STREAM
SYSTEMS.  CLOVER CREEK AND THE HATCHIE RIVER ARE THE PRIMARY DISCHARGE AREAS FOR THE WATER TABLE
AQUIFER IN NORTHERN HARDEMAN COUNTY, WITH CLOVER CREEK ESTABLISHING THE DIRECTION OF GROUNDWATER
FLOW TO THE NORTH AND NORTHWEST IN THE AREA OF THE SITE (SEE FIGURE 5).

THE WATER TABLE AQUIFER IS THE PRIMARY SOURCE OF GROUNDWATER IN NORTHERN HARDEMAN COUNTY.  CROSS
SECTIONS FROM SOUTH TO NORTH ARE SHOWN IN FIGURES 6 AND 7.  SAND THICKNESSES ARE CIRCLED TO
INDICATE THE MANY POTENTIAL PATHWAYS FOR CONTAMINANT MOVEMENT THROUGH THESE HETEROGENEOUS
STRATA.  ALTHOUGH THERE ARE MANY LOW PERMEABILITY LENSES, STUDIES NEAR THE EDGE OF THE SITE 
SHOWED THAT PERCHED WATER ON TOP OF THESE LENSES IS SELDOM FOUND.

CORRESPONDING WELL PLACEMENTS AND THE ELEVATIONS OF THE GROUNDWATER AND GROUND SURFACE ARE SHOWN
IN FIGURES 8 AND 9.  AT THE DISPOSAL AREAS, CONTAMINANTS HAVE TO DIFFUSE AND PERCOLATE THROUGH
75 TO 95 FEET OF SEDIMENTS IN THE UNSATURATED ZONE BEFORE THEY REACH THE GROUNDWATER. 
A TWO-FOOT THICK CLAY CAP INSTALLED ON THE DISPOSAL AREAS IN 1980 HAS SUBSTANTIALLY REDUCED



PERCOLATION THROUGH THE TRENCHES AND WASTE.

ALTHOUGH PRIVATE WELLS IN THE VICINITY OF THE DISPOSAL AREAS WERE MONITORED EXTENSIVELY DURING
THE EARLY PHASES OF GROUNDWATER CONTAMINATION, THESE WELLS HAVE BEEN LARGELY ABANDONED OR 
PLUGGED AFTER VELSICOL PROVIDED FOR AN ALTERNATIVE WATER SUPPLY TO THE RESIDENCES AFFECTED BY 
THE DOWNGRADIENT CONTAMINATION.  ALL GROUNDWATER MONITORING IS NOW DONE FROM CAREFULLY INSTALLED
AND LOGGED MONITORING WELLS.

VERTICAL HYDRAULIC GRADIENTS WERE CALCULATED FOR EACH MONITORING WELL NEST.  WELL NESTS ARE 
INDICATED SCHEMATICALLY ON FIGURES 8 AND 9 BY MULTIPLE SCREENS AT THE SAME LOCATION.  DOWNWARD
GRADIENTS RANGING FROM 0.0004 TO 0.02 FEET/FOOT WERE FOUND AT FIVE OF THE ELEVEN LOCATIONS;
WHILE UPWARD GRADIENTS RANGING FROM 0.002 TO 0.18 FEET/FOOT WERE DETERMINED AT THE REMAINING
SIX  WELLS.  THE RELATIVELY LOW MAGNITUDES OF THE DOWNWARD GRADIENTS ADJACENT TO PUGH AND CLOVER
CREEKS, HOWEVER, SUGGESTS THAT HORIZONTAL FLOW PARALLEL TO AND BENEATH THE CREEKS IS OCCURRING
IN SOME REACHES.  THE COMPLETE GROUNDWATER AND SURFACE WATER ELEVATION DATA SUPPORT THE
CONCLUSION THAT THESE CREEKS FORM THE HYDROLOGIC BOUNDARIES OF THE GROUNDWATER FLOW FROM THE
SITE.

NATURE AND EXTENT OF CONTAMINATION

IN MONITORING THE DOWNGRADIENT MOVEMENT OF CONTAMINANTS BEYOND THE DISPOSAL AREAS, ONLY CARBON
TETRACHLORIDE (CC14) AND CHLOROFORM (CHC13) WERE DETECTED IN 1989 IN ALL SIX SAMPLES FROM TWO 
ROUNDS OF SAMPLING (IN SAMPLES FROM EACH OF THREE SELECTED DOWNGRADIENT WELLS AS SHOWN IN TABLE
2).

CONTAMINANTS DETECTED IN FIVE OF THE SIX SAMPLES WERE ACETONE (WHICH MAY HAVE BEEN A RESULT OF
LABORATORY CONTAMINATION), METHYLENE CHLORIDE, AND TETRACHLOROETHYLENE.

TWO CONTAMINANTS WERE DETECTED IN FOUR OF THE SIX SAMPLES: CHLOROBENZENE AND TOLUENE.  THESE
MOBILE CONTAMINANTS ARE ALL VOLATILE ORGANIC COMPOUNDS ("VOCS") CHARACTERIZED BY:

• HIGH VAPOR PRESSURES,
• MODERATE TO HIGH SOLUBILITIES,
• RELATIVELY HIGH HENRY'S LAW CONSTANTS (PARTITIONING BETWEEN AIR AND WATER), AND
• RELATIVELY WEAK SORPTION TO SOIL ORGANIC MATTER.

PESTICIDES AND RELATED COMPOUNDS WERE EITHER NOT FOUND AT ALL IN THE GROUNDWATER OR WERE MAINLY
FOUND IN THE GROUNDWATER ON-SITE.

GROUNDWATER FLOW AND CONTAMINANT TRANSPORT WERE MODELED WITH A TWO-DIMENSIONAL INTEGRATED DEPTH
MODEL, GWPGM3, DEVELOPED BY J. F. SYKES AT THE UNIVERSITY OF WATERLOO, WATERLOO, ONTARIO, IN
1987.  THIS IS A FINITE ELEMENT, NUMERICAL MODEL USED FOR TWO-DIMENSIONAL ANALYSES OF STEADY 
STATE FLOW AND MASS TRANSPORT IN VARIABLY SATURATED CROSS-SECTIONS AND INTEGRATED DEPTH CONFINED
OR PHREATIC (WATER TABLE) AQUIFERS.

THE FINITE ELEMENT MESH USED FOR THE MODEL IS SHOWN IN FIGURE 10. SIMULATIONS OF PREDICTED
CARBON TETRACHLORIDE CONCENTRATIONS ARE SHOWN IN FIGURES 11 TO 13, WITH A PREDICTED
CONCENTRATION PROFILE SHOWN IN FIGURE 14.  SIMILAR DISTRIBUTIONS OF CHLOROFORM WERE DEVELOPED;
ITS CONCENTRATION PROFILE IS SHOWN IN FIGURE 15.

WHILE THE MODEL WAS CALIBRATED AGAINST MEASURED CONTAMINANT CONCENTRATIONS IN THE FIELD, THESE
MODELING RESULTS CAN ONLY BE INTERPRETED QUALITATIVELY.  THE HETEROGENEOUS NATURE OF THE GEOLOGY
OF THE AREA PRECLUDES AN ACCURATE PREDICTION OF FUTURE CONDITIONS, WHICH MUST BE MODELED FROM
THE ASSUMPTIONS OF HYDRAULIC CONDUCTIVITY, LONGITUDINAL AND TRANSVERSE DISPERSIVITY, ETC.  USING



THESE ASSUMPTIONS, THE CALIBRATED HYDRAULIC CONDUCTIVITY USED IN THE MODEL WAS 0.005 CM/SEC.  
THIS VALUE IS SIGNIFICANTLY LOWER THAN THE MAXIMUM VALUE OF 0.0111 CM/SEC AS DETERMINED BY SLUG
TESTS.  YET EVEN THE VALUE OF 0.0111 CM/SEC RESULTED IN A CALCULATION OF A TRAVEL TIME OF 
APPROXIMATELY 26 YEARS FOR GROUNDWATER BENEATH THE DISPOSAL AREAS TO REACH CLOVER CREEK; WHEREAS
THE ACTUAL TRAVEL TIME WAS LESS THAN 23 YEARS.  THE ACTUAL TRANSPORT TIME MUST NECESSARILY BE
THE RESULT OF GROUNDWATER FLOW THROUGH THE MANY INTERCONNECTED, HIGHLY PERMEABLE SAND LENSES
HIGHLIGHTED IN FIGURES 6 AND 7.

#SSR
SUMMARY OF SITE RISKS

A BASELINE RISK ASSESSMENT WAS CONDUCTED FOR THE SITE AND IS PRESENTED IN THE RI REPORT.  THE
RISK ASSESSMENT CONSISTED OF A CHEMICALS OF CONCERN IDENTIFICATION, AN EXPOSURE ASSESSMENT, A
TOXICITY ASSESSMENT AND A RISK CHARACTERIZATION FOR HUMAN HEALTH EFFECTS.

ENVIRONMENT RISKS WERE BRIEFLY DISCUSSED BASED ON AVAILABLE DATA; HOWEVER, ADDITIONAL
INFORMATION IS REQUIRED, AND AN ENVIRONMENTAL EVALUATION WILL BE CONDUCTED AS A PART OF OP UNIT
#2.

IDENTIFICATION OF CHEMICALS OF CONCERN 

THE IDENTIFICATION SECTION INVOLVES THE SELECTION OF THE CONTAMINANTS OF CONCERN ("COCS") USED 
IN EVALUATING THE RISKS ASSOCIATED WITH THE SITE. THE COCS ARE DETECTED CONTAMINANTS WHICH HAVE
INHERENT TOXIC/CARCINOGENIC PROPERTIES THAT ARE LIKELY TO POSE THE GREATEST CONCERN WITH RESPECT
TO THE PROTECTION OF PUBLIC HEALTH AND THE ENVIRONMENT.  SELECTED CONTAMINANTS OF CONCERN AT THE
SITE INCLUDE:

CARBON TETRACHLORIDE     BIS (2-ETHYLHEXYL)PHTHALATE
CHLOROBENZENE            DI-N-BUTYL PHTHALATE
CHLOROFORM               DI-N-OCTYL PHTHALATE
TETRACHLOROETHENE        2,4-DICHLOROPHENOL
TOLUENE                  ENDRIN
XYLENE                   ENDRIN KETONE
ACETONE                  ENDRIN ALDEHYDE
METHYLENE CHLORIDE       HEPTACHLOR

ALL OF THE CONTAMINANTS ABOVE EXCEPT METHYLENE CHLORIDE AND 2,4-DICHLOROPHENOL (WHICH WERE
DETECTED ONLY IN GROUNDWATER) WERE DETECTED IN BOTH SOIL AND GROUNDWATER BENEATH THE DISPOSAL
AREAS.

EXPOSURE ASSESSMENT

THE EXPOSURE ASSESSMENT IDENTIFIED POTENTIAL PATHWAYS AND ROUTES FOR CONTAMINANTS OF CONCERN TO
REACH THE RECEPTORS AND THE ESTIMATED CONTAMINANT CONCENTRATION AT THE POINTS OF EXPOSURE. 
CONTAMINANT RELEASE MECHANISMS FROM ENVIRONMENTAL MEDIA, BASED ON RELEVANT HYDROLOGIC AND
HYDROGEOLOGIC INFORMATION (FATE AND TRANSPORT, AND OTHER PERTINENT SITE-SPECIFIC INFORMATION,
SUCH AS LOCAL LAND AND WATER USE OR DEMOGRAPHIC INFORMATION), WERE ALSO PRESENTED.

AT THE SITE, THE CURRENT RECEPTOR POPULATION WAS IDENTIFIED AS LIMITED TO THE RESIDENTIAL
COMMUNITY SURROUNDING THE DISPOSAL AREAS.

GROUNDWATER IS THE CURRENT RELEASE MEDIUM WHICH CAN TRANSPORT CHEMICALS FROM THE SITE.  PRIOR TO
CAPPING THE DISPOSAL AREAS IN OCTOBER 1980, DIRECT CONTACT WITH THE WASTE AND SURFACE WATER
TRANSPORT WAS A POTENTIAL RELEASE MEDIUM.  HOWEVER, THE GRADED AND GRASSED CAP PRESENTLY



PRECLUDES ANY DIRECT CONTACT WITH WASTES OR EROSION OF WASTES INTO SURFACE WATER.  THE CAP ALSO
LIMITS AIR DISPERSION OF VOLATILE ORGANIC CHEMICALS FROM THE WASTE.  THE AQUIFER UNDER THE SITE
WAS THE AQUIFER FROM WHICH LOCAL RESIDENTS' WELLS PREVIOUSLY DREW WATER FOR HOUSEHOLD USE. 
ALTHOUGH THE PRESENT RESIDENTS NOW RECEIVE THEIR HOUSEHOLD WATER FROM A PUBLIC WATER SUPPLY, THE
POTENTIAL TO USE THE AQUIFER FOR RESIDENTIAL WATER EXISTS AND THUS HAS BEEN EVALUATED AS A
POTENTIAL EXPOSURE PATHWAY.  THIS PATHWAY INCLUDES THE CONSUMPTION OF CONTAMINATED GROUNDWATER
AND THE INHALATION OF VOLATILES THROUGH BATHING.

THE CONTAMINATED GROUNDWATER DISCHARGES TO THE SURFACE EITHER AT SEEPS OR DIRECTLY TO PUGH AND
CLOVER CREEKS.  ALL OF THE IDENTIFIED CONTINUOUS SEEPS PRESENTLY FLOW INTO PUGH OR CLOVER CREEK. 
BECAUSE OF THE REMOTE LOCATIONS OF THE SEEPS, DIRECT HUMAN CONTACT IS CONSIDERED UNLIKELY.
HOWEVER, IF CONTACT DID OCCUR, IT WOULD MOST LIKELY BE SINGLE OR OCCASIONAL EXPOSURE RESULTING
IN AN INSIGNIFICANT TOTAL DOSE. THEREFORE, POTENTIAL HUMAN EXPOSURE TO THE SEEP CONTAMINATION IS
CONSIDERED TO BE VIA THE SURFACE WATER IN PUGH AND CLOVER CREEKS.

BECAUSE THE VOLATILE ORGANICS WHICH ARE MIGRATING FROM THE SITE BIODEGRADE AND VOLATILIZE IN
OPEN WATERS, THEY ARE NOT PERSISTENT IN THE ABOVE-GROUND ENVIRONMENT.  THIS LACK OF PERSISTENCE
SIGNIFICANTLY LIMITS THEIR POTENTIAL RISK AND HAZARD TO HUMAN HEALTH WHEN EVALUATING THE SURFACE
WATER EXPOSURE PATHWAY.

POTENTIAL EXPOSURE TO THE WATER IN PUGH AND CLOVER CREEKS IS THROUGH RECREATIONAL ACTIVITIES,
PRIMARILY FISHING AND HUNTING.  ALTHOUGH FISHING WOULD PROBABLY BE LIMITED TO CLOVER CREEK,
SINCE PUGH CREEK IS TOO SHALLOW TO SUPPORT A GAME FISH POPULATION OF FISHING SIZE, DATA
FROM BOTH CREEKS HAS BEEN EVALUATED.  GAME ANIMALS COULD DRINK FROM EITHER PUGH CREEK OR CLOVER
CREEK.  HUMAN EXPOSURE WOULD BE LIMITED TO EATING FISH CAUGHT IN CLOVER CREEK OR EATING GAME 
ANIMALS WHICH MIGHT DRINK  FROM THE CREEKS.  ALTHOUGH NEITHER PUGH NOR CLOVER CREEK WOULD BE 
EXPECTED TO BE USED FOR SWIMMING, A SWIMMING SCENARIO HAS BEEN INCLUDED IN THE ASSESSMENT TO
CONSERVATIVELY ADDRESS ANY OCCASIONAL WADING, SWIMMING, OR WATER CONTACT BY RESIDENTS.

THE FOLLOWING HUMAN EXPOSURE PATHWAYS WERE EVALUATED FOR POTENTIAL EXPOSURE POINT
CONCENTRATIONS, ESTIMATED DAILY INTAKE AND POTENTIAL RISK AND/OR HAZARD:

• THE USE OF CONTAMINATED GROUNDWATER FOR HOUSEHOLD USE,
• RECREATIONAL FISHING AND FISH CONSUMPTION FROM CLOVER CREEKS,
• OCCASIONAL SKIN CONTACT WHILE FISHING, SWIMMING, OR WADING, AND
• INHALATION OF VOLATILE COMPOUNDS DETECTED IN CLOVER CREEK WHILE FISHING.

THREE LEVELS OF ASSUMPTIONS ARE PRESENTED FOR EACH SCENARIO.  "LEVEL 1" ASSUMPTIONS PRESENT THE
AVERAGE OR MEAN VALUE FOR THE EXPOSURE ASSUMPTION, "LEVEL 2" PRESENTS ASSUMPTIONS WHICH WILL
INCLUDE, STATISTICALLY, 90 TO 95 PERCENT OF THE POPULATION, AND "LEVEL 3" PRESENTS ASSUMPTIONS
THAT ARE CONSIDERED MAXIMUM WORST CASE ASSUMPTIONS WHICH ARE INDIVIDUALLY POSSIBLE.  FOR
EXAMPLE, OCCUPANCY OF A RESIDENCE AT ONE LOCATION FOR 10 YEARS IS CONSIDERED TO REPRESENT THE
AVERAGE LENGTH OF TIME THAT INDIVIDUALS WILL PRESIDE AT ONE LOCATION ("LEVEL 1").  THE "90TH" 
PERCENTILE VALUE FOR LENGTH OF OCCUPANCY FOR ONE RESIDENCE IS 30 YEARS ("LEVEL 2").  IT IS
POSSIBLE THAT AN INDIVIDUAL COULD SPEND THEIR ENTIRE LIFE IN A SINGLE LOCATION SO THE LEVEL 3
VALUE IS ASSUMED TO BE 70 YEARS.

THE MEAN OF ALL SAMPLE CONCENTRATIONS, INCLUDING NON-DETECTS AT HALF THE DETECTION LIMIT, IN THE
MEDIA BEING EVALUATED IS USED FOR THE LEVEL 1 CALCULATIONS, AND THE STATISTICAL 95TH PERCENTILE
ON THIS MEAN IS APPLIED FOR THE LEVEL 2 CALCULATIONS.  FOR THE LEVEL 3 CALCULATIONS, THE MEAN OF
ONLY THE ANALYTICALLY DETECTED VALUES IS USED AS THE APPLICABLE MEDIA CONCENTRATION FOR A
POSSIBLE MAXIMUM EXPOSURE. IN THOSE CASES WHERE A SINGLE WELL OR SAMPLING LOCATION IS EVALUATED,
THE SINGLE VALUE IS EVALUATED USING ALL THREE EXPOSURE LEVELS OF EACH APPLICABLE SCENARIO.



TO EVALUATE THE EXPOSURE TO GROUNDWATER UNDER PRESENT CONDITIONS, THE REPORTED CONCENTRATIONS OF
THE CHEMICALS OF CONCERN WERE EVALUATED IN WELLS GM-5, 13 AND GMP-5 FOR SAMPLING ROUNDS IN 
FEBRUARY/MARCH 1989, NOVEMBER 1989, AND NOVEMBER 1989 (TABLE 2).  SELECTION OF THESE WELLS
PROVIDES INFORMATION ON CONCENTRATION ALONG THE APPROXIMATE CENTER LINE OF THE PLUME BETWEEN THE
NORTHERN BOUNDARY OF THE DISPOSAL AREAS AND THE EDGE OF CLOVER CREEK.

THE CONCENTRATIONS OF CARBON TETRACHLORIDE AND CHLOROFORM WERE ESTIMATED IN WELLS GM-5, 13, 7
AND GMP-5 FOR THE YEARS 1968-2011.  YEARS 1995, 2000 AND 2010 WERE EVALUATED FOR POTENTIAL RISK
AND HAZARD.  THE CALCULATED CONCENTRATIONS OF CARBON TETRACHLORIDE AND CHLOROFORM IN EACH OF THE
FOUR WELLS FOR THESE THREE TIME INTERVALS ARE SUMMARIZED IN TABLE 3.

THE ONLY EXPECTED HUMAN EXPOSURES TO POTENTIAL CONTAMINATION IN THE SURFACE WATER IS BY
CONSUMPTION OF FISH WHICH HAVE BEEN EXPOSED TO CONTAMINATED WATER, THE CONSUMPTION OF WILD
TERRESTRIAL ANIMALS WHICH MAY DRINK CONTAMINATED WATER, THE OCCASIONAL SKIN CONTACT WHILE
WADING OR WHILE FISHING OR THE POTENTIAL INHALATION OF VOLATILE COMPOUNDS WHICH COULD
POTENTIALLY VOLATILIZE FROM THE SURFACE WATER WHILE FISHING.

TABLES 4 AND 5 SUMMARIZE THE ENVIRONMENTAL DATA FROM PUGH AND CLOVER CREEKS.  ONLY CLOVER CREEK
APPEARS LARGE ENOUGH TO SUPPORT A GAME FISH POPULATION.  GAME ANIMALS COULD DRINK FROM EITHER
CREEK.  THE ANALYTICAL DATA INDICATE THAT THERE IS NO CONSISTENCY IN THE REPORTED
CONCENTRATIONS.  ACETONE, BIS(2-ETHYLHEXYL)PHTHALATE, DI-N-OCTYL PHTHALATE, AND ENDRIN KETONE
ARE REPORTED IN UPSTREAM LOCATIONS WHICH ARE NOT IMPACTED BY THE CONTAMINATED GROUNDWATER PLUME
FROM THE SITE. HEPTACHLOR, HEPTACHLOR EPOXIDE AND B-BHC WERE REPORTED IN ONLY A SINGLE SAMPLE IN
THE TWO SAMPLING ROUNDS.  BASED ON THE PRESENCE OF PESTICIDES IN THE UPSTREAM SAMPLES AND THE
PATTERN OF POSITIVE DETECTS IT PRESENTLY APPEARS THAT THE PESTICIDES DETECTED IN THE CREEK WATER
ARE NOT EXCLUSIVELY, IF AT ALL, FROM THE DISCHARGE OF CONTAMINATED GROUNDWATER FROM THE SITE.

CARBON TETRACHLORIDE AND CHLOROFORM ARE THE ONLY CHEMICALS REPORTED IN THE CREEKS WHICH APPEAR
TO BE SITE RELATED.  ALTHOUGH THESE VOLATILE ORGANICS ARE MIGRATING FROM THE SITE AND MAY ENTER
THE CREEKS, THEIR VOLATILITY AND SUSCEPTIBILITY TO DEGRADATION APPARENTLY PREVENT THEIR
ACCUMULATION IN THE CREEKS AT CONCENTRATIONS THAT ARE CONSISTENTLY DETECTABLE.  ALTHOUGH THE
SOURCE IS NOT DEFINITE, THE CONCENTRATIONS OF THE VOLATILES REPORTED IN THE CREEKS (TABLES 4 AND
5, ROUND 2) WERE EVALUATED FOR THEIR POTENTIAL EXPOSURE AND ESTIMATED TOTAL INCREMENTAL RISK AND
HAZARD TO HUMAN HEALTH.

TO EVALUATE PUBLIC HEALTH IMPACTS OF SITE-RELATED CHEMICALS IN CLOVER CREEK AND PUGH CREEK, IT
WAS ASSUMED THAT GAME FISH WERE CAUGHT AND CONSUMED IN AREAS WHERE WATER CONTAINED SITE-RELATED
CHEMICALS AND THAT THE SAME INDIVIDUAL ALSO USED CLOVER CREEK AND PUGH CREEK FOR RECREATIONAL
SWIMMING.

A SCENARIO FOR POTENTIAL EXPOSURE FROM CONSUMPTION OF GAME ANIMALS AND BIRDS WHICH MAY DRINK THE
CONTAMINATED WATER WAS NOT DEVELOPED.  THE CHEMICALS OF CONCERN WHICH ARE DISCHARGING INTO THE
STREAM FROM THE SITE (CARBON TETRACHLORIDE AND CHLOROFORM) WOULD BE METABOLIZED AND/OR EXCRETED
FROM ANIMALS OR BIRDS.  DUE TO THE LOW LEVELS OF SITE-RELATED VOLATILE COMPOUNDS IN THE SURFACE
WATER SAMPLES, BIOCONCENTRATION AND TISSUE RETENTION ARE EXPECTED TO BE NEGLIGIBLE IN MAMMALS
AND BIRDS WHO INGEST THE WATER.  CONCENTRATIONS OF CARBON TETRACHLORIDE AND CHLOROFORM IN GAME
ANIMALS AND GAME BIRDS AS A RESULT OF DRINKING WATER FROM CLOVER CREEK OR PUGH CREEK WOULD BE DE
MINIMIS.

AS NOTED, CARBON TETRACHLORIDE AND CHLOROFORM ARE THE MAIN CONTAMINANTS PRESENTLY EXPECTED TO
MIGRATE IN HIGH CONCENTRATIONS INTO THE CREEKS. THE POTENTIAL CLOVER CREEK CONCENTRATIONS AT THE
YEARS 1995, 2000 AND 2010 ARE SUMMARIZED IN TABLE 6. 

TO EVALUATE POTENTIAL INHALATION EXPOSURE OF FISHERMAN TO CHEMICALS IN THE CREEK, AN ESTIMATED



AIR CONCENTRATION AT THE AIR WATER INTERFACE WAS ESTIMATED BY APPLYING THE SAME AIR/WATER
PARTITION CONSTANT ("PR") AS WAS USED TO EVALUATE THE SHOWER/BATH EXPOSURE SCENARIO FOR
HOUSEHOLD USE (SEE THE RI, SECTION 6).  APPLYING THE PR OF 1.3 TO THE HIGHEST WATER
CONCENTRATION OF CARBON TETRACHLORIDE PREDICTED IN CLOVER CREEK OF 1.164 MG/L, THE ESTIMATED AIR
CONCENTRATION WOULD BE 1.5 MG/L.  ASSUMING AN IMMEDIATE AIR DILUTION FACTOR OF 10 AT THE CREEK
SURFACE AND AN ADDITIONAL 10-FOLD DILUTION DUE TO MIXING FROM THE WATER SURFACE ZONE TO THE
BREATHING ZONE, THE INHALED CONCENTRATION WOULD BE 0.015 MG/L.

THIS WOULD BE IN THE GENERAL RANGE OF ODOR DETECTION AND APPROXIMATELY 50 PERCENT OF THE TIME
WEIGHTED AVERAGE ("TWA") FOR AN ACCEPTABLE LEVEL IN THE WORKPLACE.  CONSIDERING THAT THE WATER
CONCENTRATION IS BASED ON THE 3Q20 (LOW FLOW) ESTIMATE, THAT A FISHERMAN WOULD BE EXPOSED TO THE
AIR ON A CONTAMINATED AREA OF THE CREEK ONLY A FEW DAYS PER YEAR, AND THAT ANY WIND VELOCITY
WOULD GREATLY DIMINISH EXPOSURE LEVELS BEYOND THE 100-FOLD ASSUMPTION, THE ESTIMATED POTENTIAL
AIR LEVELS AND RELATED EXPOSURE LEVELS ARE CONSERVATIVELY HIGH AND ARE NOT A HEALTH CONCERN.

TOXICITY ASSESSMENT

THE TOXICITY ASSESSMENT PRESENTS AVAILABLE HUMAN HEALTH AND ENVIRONMENTAL CRITERIA BASED ON
PERTINENT STANDARDS, ADVISORIES AND GUIDELINES DEVELOPED FOR THE PROTECTION OF HUMAN HEALTH AND
THE ENVIRONMENT.  AN EXPLANATION OF HOW THESE VALUES WERE DERIVED AND HOW THEY SHOULD BE APPLIED
IS PRESENTED BELOW. 

CANCER POTENCY FACTORS ("CPFS") HAVE BEEN DEVELOPED BY EPA'S CARCINOGENIC ASSESSMENT GROUP FOR
ESTIMATING EXCESS LIFETIME CANCER RISKS ASSOCIATED WITH EXPOSURE TO POTENTIALLY CARCINOGENIC
CHEMICALS. CPFS, WHICH ARE EXPRESSED IN UNITS OF (MG/KG/DAY)1, ARE MULTIPLIED BY THE ESTIMATED
INTAKE OF A POTENTIAL CARCINOGEN, IN MG/KG/DAY, TO PROVIDE AN UPPER-BOUND ESTIMATE OF THE EXCESS
LIFETIME CANCER RISK ASSOCIATED WITH EXPOSURE AT THAT INTAKE LEVEL.  THE TERM "UPPER-BOUND" 
REFLECTS THE CONSERVATIVE ESTIMATE OF THE RISKS CALCULATED FROM THE CPF.  USE OF THIS APPROACH 
MAKES UNDERESTIMATION OF THE ACTUAL CANCER RISK HIGHLY UNLIKELY.  CANCER POTENCY FACTORS ARE 
DERIVED FROM THE RESULTS OF HUMAN EPIDEMIOLOGICAL STUDIES OR CHRONIC ANIMAL BIOASSAYS TO WHICH
ANIMAL-TO-HUMAN EXTRAPOLATION HAS BEEN APPLIED.

REFERENCE DOSES ("RFDS") HAVE BEEN DEVELOPED BY EPA FOR INDICATING THE POTENTIAL FOR ADVERSE
HEALTH EFFECTS FROM EXPOSURE TO CHEMICALS EXHIBITING NONCARCINOGENIC EFFECTS.  RFDS, WHICH ARE
EXPRESSED IN UNITS OF MG/KG/DAY, ARE ESTIMATES OF LIFETIME DAILY EXPOSURE LEVELS FOR HUMANS,
INCLUDING SENSITIVE INDIVIDUALS.

ESTIMATED INTAKES OF CHEMICALS FROM ENVIRONMENTAL MEDIA (E.G., THE AMOUNT OF A CHEMICAL
INGESTED  FROM CONTAMINATED DRINKING WATER) CAN BE COMPARED TO THE RFD.  THE RATIO OF DOSE OVER
RFD GIVES THE HAZARD INDEX ("HI").  VALUES OF HI GREATER THAN 1 INDICATE AN UNACCEPTABLE
EXPOSURE. RFDS ARE DERIVED FROM HUMAN EPIDEMIOLOGICAL STUDIES OR ANIMAL STUDIES TO WHICH 
UNCERTAINTY FACTORS HAVE BEEN APPLIED (E.G., TO ACCOUNT FOR THE USE OF ANIMAL DATA TO PREDICT
THE EFFECTS ON HUMANS).  THESE UNCERTAINTY FACTORS HELP ENSURE THAT THE RFDS WILL NOT 
UNDERESTIMATE THE POTENTIAL FOR ADVERSE NONCARCINOGENIC EFFECTS TO OCCUR.

IN EVALUATING THE HAZARD FROM THE NON-CARCINOGENIC EFFECTS OF CHEMICALS, THE AVERAGE DAILY
EXPOSURE WAS BASED ON POTENTIAL SHORTER TERM (NON-LIFETIME) EXPOSURE ESTIMATES, GENERALLY THE
AVERAGE DAILY EXPOSURE FOR A YEAR.  TO MAINTAIN A CONSERVATIVE APPROACH, IF THE AVERAGE DAILY
EXPOSURE WAS SIGNIFICANTLY GREATER FOR A YOUNG CHILD THAN FOR AN ADULT (SHOWER/BATH AND
SWIMMING), THE CHILD'S EXPOSURE WAS USED TO ESTIMATE THE POTENTIAL HAZARD.

THE RFDS USED TO CALCULATE THE HAZARD INDICES ARE PRESENTED IN TABLE 7. THESE RFD VALUES ARE 
TAKEN FROM THE INTEGRATED RISK ASSESSMENT INFORMATION SYSTEM ("IRIS") DATA BASE, IF AVAILABLE
FROM THAT SOURCE, OR FROM THE HEALTH EFFECTS ASSESSMENT SUMMARY TABLES ("HEAST").  NO REFERENCE



VALUES WERE FOUND FOR ENDRIN KETONE AND ENDRIN ALDEHYDE, THEREFORE THE VALUES FOR ENDRIN ARE
APPLIED AS SURROGATE VALUES.  THE RFD VALUE FOR DI-N-BUTYL PHTHALATE IS APPLIED TO DI-N-OCTYL
PHTHALATE AS A SURROGATE VALUE.  THESE SURROGATE SUBSTITUTIONS SHOULD RESULT IN CONSERVATIVE
EVALUATIONS BASED ON STRUCTURE-ACTIVITY RELATIONSHIPS.

IN EVALUATING THE HAZARD FROM THE CARCINOGENIC EFFECTS, THE AVERAGE DAILY EXPOSURE IS BASED ON
LIFETIME EXPOSURE ESTIMATES.  LIFETIME ESTIMATED AVERAGE EXPOSURE LEVELS ARE BASED ON EXPOSURE
FOR 10, 30, OR 70 YEARS OF A 70-YEAR LIFETIME.  TO MAINTAIN A CONSERVATIVE APPROACH IN EACH
CASE, 6 YEARS ARE CONSIDERED TO BE CHILDHOOD YEARS AND THE DAILY DOSE FOR THOSE 6 YEARS WERE
BASED ON ASSUMPTIONS FOR A CHILD'S WEIGHT AND EXPOSURE TO ESTIMATE THE POTENTIAL ADDITIONAL
LIFETIME CANCER RISK.

THE CPFS USED TO CALCULATE THE ADDITIONAL LIFETIME CANCER RISKS ARE PRESENTED IN TABLE 7. 
THESE  CPF VALUES ARE TAKEN FROM THE IRIS DATABASE, IF AVAILABLE FROM THAT SOURCE, OR FROM
HEAST. 

WATER QUALITY STANDARDS, CRITERIA AND ADVISORIES ARE ALSO PRESENTED IN TABLE 7 FOR COMPARISON
WITH THE REPORTED CONCENTRATIONS IN GROUNDWATER AND SURFACE WATER.

ABSORPTION EFFICIENCY OF INDIVIDUAL CHEMICALS IS NOT APPLIED IN THE ASSESSMENTS OF WATER
EXPOSURE.  ORALLY INGESTED AND INHALED DOSES ARE ASSUMED TO HAVE 100 PERCENT ABSORPTION.  FOR
DERMAL ABSORPTION, THE PERMEABILITY CONSTANT FOR WATER IS USED TO DETERMINE WATER ABSORPTIONS
AND THE CHEMICALS ARE ASSUMED TO BE ABSORBED WITH THE WATER IN A PROPORTIONAL MANNER BASED ON
THE REPORTED CONCENTRATION.

THE TOXICITY AND CHEMICAL INFORMATION FOR THE CONTAMINANTS OF CONCERN WHICH WAS APPLIED IN THIS
ASSESSMENT IS SUMMARIZED IN TABLE 7. 

RISK CHARACTERIZATION

EXCESS LIFETIME CANCER RISKS ARE DETERMINED BY MULTIPLYING THE INTAKE LEVEL WITH THE CANCER 
POTENCY FACTOR.  THESE RISKS ARE PROBABILITIES THAT ARE GENERALLY EXPRESSED IN SCIENTIFIC
NOTATION (E.G., 1 X (10-6) OR 1E-6).  AN EXCESS LIFETIME CANCER RISK OF 1 X (10-6) INDICATES
THAT, AS A PLAUSIBLE UPPER BOUND, AN INDIVIDUAL HAS A ONE IN ONE MILLION CHANCE OF DEVELOPING
CANCER AS A RESULT OF SITE-RELATED EXPOSURE TO A CARCINOGEN OVER A 70-YEAR LIFETIME UNDER THE 
SPECIFIC EXPOSURE CONDITIONS AT A SITE.  THE AGENCY CONSIDERS INDIVIDUAL EXCESS CANCER RISKS IN
THE RANGE OF (10-4) TO (10-6) AS PROTECTIVE.

POTENTIAL CONCERN FOR NONCARCINOGENIC EFFECTS OF A SINGLE CONTAMINANT IN A SINGLE MEDIUM IS
EXPRESSED AS THE HAZARD QUOTIENT ("HQ") (OR THE RATIO OF THE ESTIMATED INTAKE DERIVED FROM THE
CONTAMINANT CONCENTRATION IN A GIVEN MEDIUM TO THE CONTAMINANT'S REFERENCE DOSE).  BY ADDING THE
HQS FOR ALL CONTAMINANTS WITHIN A MEDIUM OR ACROSS ALL MEDIA TO WHICH A GIVEN POPULATION MAY 
REASONABLY BE EXPOSED, THE HAZARD INDEX ("HI") CAN BE GENERATED.  THE HI PROVIDES A USEFUL
REFERENCE POINT FOR GAUGING THE POTENTIAL SIGNIFICANCE OF MULTIPLE CONTAMINANT EXPOSURES WITHIN
A SINGLE MEDIUM OR ACROSS MEDIA.

ESTIMATED TOTAL INCREMENTAL LIFETIME CANCER RISK FROM FUTURE HOUSEHOLD USE OF GROUNDWATER USING 
PRESENT CONDITIONS WAS CALCULATED FOR WELLS GM-5, 13 AND GMP-5.  THESE WELLS ARE LOCATED ON THE
APPROXIMATE CENTER LINE OF THE DOWNGRADIENT PLUME AND ARE POSITIONED BETWEEN THE NORTHERN
BOUNDARY OF THE DISPOSAL AREA AND THE EDGE OF PUGH AND CLOVER CREEKS.

THE RISK AND HAZARDS FROM INDIVIDUAL CHEMICALS SHOW THAT THE CALCULATED RISKS AND HAZARDS ARE
RELATED PRIMARILY TO THE PRESENCE OF CARBON TETRACHLORIDE WHICH ACCOUNTS FOR OVER 90 PERCENT OF 
THE TOTAL RISK AND HAZARD AT EACH WELL.



THE CHEMICALS OF CONCERN AT THE SITE ARE PRIMARILY LIVER TOXICANTS AND AS SUCH IT IS APPROPRIATE
TO SUM THE INCREMENTAL RISKS AND HAZARDS FOR THE SEVERAL PRIMARY CHEMICALS REPORTED IN
GROUNDWATER.  SINCE THE EXPOSURES WOULD ALL RELATE TO THE LOCAL POPULATION, IT IS ALSO
APPROPRIATE TO SUM THE RISKS FROM THE TWO HOUSEHOLD USES OF GROUNDWATER, NAMELY DRINKING AND
BATHING.  THE TOTAL INCREMENTAL RISKS AND HAZARD PRESENTED BY HOUSEHOLD USE OF THE GROUNDWATER
ARE SUMMARIZED IN TABLE 8 BASED ON LEVEL 1 ASSUMPTIONS (SEE PAGE 26).  IT IS APPARENT THAT THE
RISKS AND HAZARDS ALL EXCEED ACCEPTABLE LEVELS BY SEVERAL ORDERS OF MAGNITUDE.  THIS IS TO BE
EXPECTED SINCE THE REPORTED CONCENTRATIONS EXCEED WATER QUALITY CRITERIA FOR DRINKING WATER BY
SEVERAL ORDERS OF MAGNITUDE AND THE HEALTH ADVISORIES FOR DRINKING WATER BY 2 TO 3 ORDERS OF
MAGNITUDE.

THE ADDITIONAL LIFETIME RISK OF CANCER AND THE NON-CARCINOGENIC HAZARD FROM EXPOSURE TO SURFACE
WATERS OF THE CREEKS BASED ON THE SITE-SPECIFIC INDICATOR CHEMICALS ARE SUMMARIZED IN TABLE 9.

IN THE SINGLE INSTANCE WHERE THE ASSESSMENT SHOWS UNACCEPTABLE RISK FROM SURFACE WATER (EATING
FISH FROM PUGH CREEK, P3A), THE RISK IS ALMOST TOTALLY FROM THE REPORTED LEVEL OF PCBS WHICH IS
PROBABLY NOT ORIGINATING FROM THE SITE.  AS DISCUSSED EARLIER, THE REPORTED CONCENTRATIONS OF
PESTICIDES, PCBS AND PHTHALATES ARE APPARENTLY FROM BACKGROUND SOURCES OR ARE ANALYTICAL
ARTIFACTS, AND ARE NOT CONSIDERED TO BE SITE-RELATED.  THE REPORTED CONCENTRATIONS OF ORGANIC
SOLVENTS IN THE ROUND 2 CREEK SAMPLES COULD REASONABLY BE SITE-RELATED ALTHOUGH THE UPSTREAM
SAMPLE FROM LOCATION C2A HAS THE HIGHEST CONCENTRATION OF CARBON TETRACHLORIDE REPORTED IN
CLOVER CREEK.

ASSUMING THE CARBON TETRACHLORIDE IS SITE-RELATED, EXAMINATION OF THE RISK AND HAZARD ASSESSMENT
RESULTS SHOW THAT THE REPORTED CONCENTRATIONS DO NOT PRESENT A CONCERN FOR FISH CONSUMPTION OR
FOR OCCASIONAL SKIN CONTACT.  THE SWIMMING EXPOSURE COMPONENT OF THE ASSESSMENT CALCULATIONS
WOULD GREATLY EXCEED ANY CASUAL SKIN EXPOSURE COMPONENT RELATED TO WADING OR FISHING.

BASED ON THE RESULTS OF THE RISK CALCULATIONS, IT IS EVIDENT THAT THE POTENTIAL EXPOSURE TO
VOLATILE COMPOUNDS IN THE AIR DUE TO SPECIFIC CHEMICALS VOLATILIZING FROM THE SURFACE WATERS
WHILE FISHING DOES NOT REPRESENT A SIGNIFICANT RISK TO THE GENERAL PUBLIC.

BY THE APPLICATION OF APPROPRIATE MODELING TECHNIQUES, WATER CONCENTRATIONS OF CARBON
TETRACHLORIDE AND CHLOROFORM WERE PREDICTED IN THE WELLS DOWNGRADIENT OF THE LANDFILL AND IN THE
CREEKS.  VALUES PREDICTED FOR THE YEARS 1995, 2000 AND 2020 IN WELLS GM-5, 13, 7, AND GMP-5 WERE
EVALUATED FOR POTENTIAL TOTAL INCREMENTAL LIFETIME CANCER RISK AND NON-CARCINOGENIC HAZARD USING
THE SAME HOUSEHOLD EXPOSURE OR RECREATION SCENARIOS AS WERE USED FOR EVALUATION OF PRESENT
CONDITIONS. THE SUMMARY DATA ARE PRESENTED IN TABLES 10 (GROUNDWATER) AND 11 (SURFACE WATER).
UPON EXAMINATION OF TABLE 10, IT IS APPARENT THAT THE ESTIMATED RISKS AND HAZARDS ARE STILL FAR
IN EXCESS OF ACCEPTABLE LEVELS, EVEN IN THE YEAR 2010 AFTER AN ADDITIONAL 20 YEARS OF MIGRATION
OF THE PLUME WITHOUT FURTHER REMEDIATION.

THE PREDICTED CONCENTRATIONS OF CARBON TETRACHLORIDE AND CHLOROFORM IN CLOVER CREEK ARE
ESTIMATED TO PEAK IN THE YEAR 1994.  TABLE 11 SHOWS A GRADUAL DECREASE OF ESTIMATED POTENTIAL 
RISK AND HAZARD AFTER THE YEAR 1995.  AT THE ESTIMATED PERIOD OF PEAK FLUX TO THE CREEK BETWEEN
THE YEARS OF 1993 AND 1995, ESTIMATED POTENTIAL RISKS ARE BELOW THE TARGET RANGE OF 1E-04 TO
1E-06 ESTIMATED TOTAL INCREMENTAL LIFETIME RISK OF CANCER.  THE ESTIMATED TOTAL HAZARD LEVEL IS
ALSO BELOW A LEVEL OF CONCERN EVEN APPLYING THE MORE CONSERVATIVE CONDITIONS OF 3Q20 CREEK FLOW
WHERE THE ESTIMATED GROUNDWATER FLUX FROM THE PLUME AREA MAKES UP APPROXIMATELY ONE-HALF OF THE
TOTAL CREEK FLOW. 

UNCERTAINTIES

REGARDLESS OF THE TYPE OF RISK ESTIMATE DEVELOPED, IT SHOULD BE EMPHASIZED THAT ALL ESTIMATES OF



RISK ARE BASED UPON NUMEROUS ASSUMPTIONS AND UNCERTAINTIES.  IN ADDITION TO LIMITATIONS
ASSOCIATED WITH SITE-SPECIFIC CHEMICAL DATA, OTHER ASSUMPTIONS AND UNCERTAINTIES THAT AFFECT THE
ACCURACY OF THE SITE-SPECIFIC RISK CHARACTERIZATIONS RESULT FROM THE EXTRAPOLATION OF POTENTIAL
ADVERSE HUMAN HEALTH EFFECTS FROM ANIMAL STUDIES, THE EXTRAPOLATION OF EFFECTS OBSERVED AT
HIGH-DOSE TO LOW-DOSE EFFECTS, THE MODELING OF DOSE RESPONSE EFFECTS, AND ROUTE-TO-ROUTE
EXTRAPOLATION.

THE USE OF ACCEPTABLE LEVELS (ESTABLISHED STANDARDS, CRITERIA AND GUIDELINES) AND UNIT CANCER
RISK VALUES WHICH ARE DERIVED FROM ANIMAL STUDIES INTRODUCES UNCERTAINTY INTO THE RISK
ESTIMATES.  IN ADDITION, THE EXPOSURE ASSUMPTIONS USED IN ESTIMATING INDIVIDUAL DOSE LEVELS ARE
OFTEN SURROUNDED BY UNCERTAINTIES.  AS SUCH, THESE ESTIMATES SHOULD NOT STAND ALONE FROM THE
VARIOUS ASSUMPTIONS AND UNCERTAINTIES UPON WHICH THEY ARE BASED.  IN DEVELOPING NUMERICAL
INDICES OF RISK, AN ATTEMPT IS MADE TO EVALUATE THE EFFECT OF THE ASSUMPTIONS AND LIMITATIONS ON
THE NUMERICAL ESTIMATES.

THE UNCERTAINTY FACTORS WHICH ARE INCORPORATED INTO THE RISK ESTIMATES ARE BELIEVED TO BE
CONSERVATIVE.  AS SUCH, WHEN THEY ARE CONSIDERED COLLECTIVELY, EXPOSURE AND SUBSEQUENTLY RISK
MAY BE OVERESTIMATED.  ON THE OTHER HAND, THESE ESTIMATED RISK CALCULATIONS WERE BASED ON
PRESENT CONDITIONS AT THE SITE, INCLUDING THE CAP, AND NO MAJOR INCREASES OF CONTAMINANTS
ALREADY IN THE AQUIFER.  ADDITIONAL RISK COULD OCCUR SHOULD THE CONCENTRATIONS INCREASE OR THE
CAP ERODE. 

IN CONCLUSION, BASED ON THE RESULTS OF THE RISK ASSESSMENT, ACTUAL OR THREATENED RELEASES OF
HAZARDOUS SUBSTANCES FROM SITE, IF NOT ADDRESSED BY IMPLEMENTING THE RESPONSE ACTION SELECTED
IN THIS ROD, MAY PRESENT AN IMMINENT AND SUBSTANTIAL ENDANGERMENT TO PUBLIC HEALTH, WELFARE, OR
THE  ENVIRONMENT.

ENVIRONMENTAL RISKS

AS PREVIOUSLY STATED IN THIS ROD, THE FINAL POTENTIAL ENVIRONMENTAL RISKS ASSOCIATED WITH THE
SITE WILL BE ADDRESSED AS PART OF THE SECOND OPERABLE UNIT.

PREVIOUS STUDIES HAVE GENERALLY INDICATED THAT THE CONTAMINANTS MIGRATING FROM THE SITE ARE NOT
PRESENTING AN ENVIRONMENTAL RISK SINCE THE CONTAMINANTS ARE HIGHLY VOLATILE AND DO NOT
CONCENTRATE OR BIOACCUMULATE IN THE ENVIRONMENT.  HOWEVER, ADDITIONAL STUDIES CONCERNING THESE
WASTES AND THE MORE PERSISTENT COMPOUNDS LOCATED IN THE DISPOSAL AREAS ARE REQUIRED FOR A FINAL 
ANALYSIS.  ALSO, ALTHOUGH PREVIOUS INVESTIGATIONS HAVE NOT IDENTIFIED ANY ENDANGERED SPECIES
IN THE AREA OF THE SITE, IT HAS RECENTLY BEEN DETERMINED, AND WILL HAVE TO BE VERIFIED, THAT AN
ENDANGERED SPECIES OF BAT MAY EXIST IN THE VICINITY OF THE SITE.

#DA
DESCRIPTION OF ALTERNATIVES

THE SURFICIAL AQUIFER IS UNDER CONSIDERATION FOR REMEDIATION DUE TO THE UNACCEPTABLE RISK
ASSOCIATED WITH THE CONSUMPTION OF THE CONTAMINATED GROUNDWATER.

BASED ON THE CONTAMINATION DETECTED IN THE AQUIFER AT DIFFERENT LOCATIONS, THE GROUNDWATER HAS
BEEN DIVIDED INTO TWO AREAS: ON-SITE AND OFF-SITE.  THE ON-SITE GROUNDWATER IS THAT PORTION OF
THE AQUIFER LOCATED DIRECTLY BENEATH THE DISPOSAL AREAS.  THE OFF-SITE GROUNDWATER IS THAT
PORTION OF THE AQUIFER LOCATED BENEATH ALL PROPERTIES SURROUNDING THE DISPOSAL AREAS.  THE
OFF-SITE GROUNDWATER CONTAINS MAINLY THE HIGHLY MOBILE CONTAMINANTS LIKE CARBON TETRACHLORIDE
AND CHLOROFORM.  THE FOLLOWING IS A LIST OF THE REMEDIAL ALTERNATIVES UNDER CONSIDERATION FOR 
THE CONTAMINATED GROUNDWATER.  THE FS REPORT CONTAINS A MORE DETAILED EVALUATION OF EACH
ALTERNATIVE.



1. NO ACTION (A1 AND B1 IN THE FS).
2. ON-SITE GROUNDWATER EXTRACTION THROUGH WELLS, TREATMENT, AND SURFACE WATER DISCHARGE

(A4 IN THE FS).
3. INSTITUTIONAL CONTROLS (B2 IN THE FS).
4. OFF-SITE GROUNDWATER EXTRACTION THROUGH WELLS AND A COLLECTION TRENCH ALONG PUGH AND

CLOVER CREEKS, TREATMENT AND SURFACE WATER DISCHARGE (B4 IN FS).
5. OFF-SITE GROUNDWATER EXTRACTION THROUGH A COLLECTION TRENCH ALONG PUGH AND CLOVER

CREEKS, TREATMENT AND SURFACE WATER DISCHARGE (B6 IN FS).
6. OFF-SITE GROUNDWATER EXTRACTION THROUGH WELLS, TREATMENT, AND SURFACE WATER

DISCHARGE (B8 IN FS).

IT SHOULD BE NOTED THAT GROUNDWATER REINJECTION WAS CONSIDERED IN THE FS FOR EACH OF THE
GROUNDWATER TREATMENT REMEDIES.  HOWEVER, GROUNDWATER REINJECTION IS NOT CONSIDERED FEASIBLE DUE
TO CONCERNS OVER THE ABILITY OF THE AQUIFER TO ACCEPT ALL OF THE REINJECTED WATER, THE AFFECTS
OF THE REINTRODUCED WATER ON CONTAMINANT FLOW, AND THE LONG-TERM MAINTENANCE OF THE INJECTION
WELLS, WHICH MAY PLUG UP OVER TIME DUE TO MINERAL PRECIPITATION.

ALL OF THESE ALTERNATIVES EXCEPT "NO ACTION" INVOLVE RESTRICTIONS ON LAND AND WELL USE IN THE
VICINITY OF THE SITE, UPKEEP OF THE FENCE AND PROPERTY, AND MONITORING TO ASSESS THE
EFFECTIVENESS OF THE REMEDY. EACH ALTERNATIVE ALSO INCLUDES IDENTIFYING AND EVALUATING POSSIBLE
ADDITIONAL REMEDIAL ACTIONS REQUIRED FOR ADDRESSING THE CONTAMINATION OF THE ENTIRE SITE
INCLUDING THE CONTAMINANT SOURCE (THE DISPOSAL AREAS) AND POSSIBLE ENVIRONMENTAL/ECOLOGICAL
CONCERNS.

ALTERNATIVE 1: NO ACTION

PRESENT WORTH (PW) COST: $0.00
YEARS TO IMPLEMENT:      0

CERCLA REQUIRES THAT THE "NO ACTION" ALTERNATIVE BE CONSIDERED AT EVERY SITE.  UNDER THIS
ALTERNATIVE, NO GROUNDWATER CONTAINMENT OR TREATMENT WOULD TAKE PLACE.  THE ONLY REDUCTION OF
CONTAMINANT LEVELS WOULD OCCUR VIA NATURAL PROCESSES SUCH AS DISPERSION AND ATTENUATION.  SINCE
MONITORING IS ALREADY PART OF THE DISPOSAL AREAS MAINTENANCE, ADDITIONAL COST WOULD NOT BE
INCURRED. 

ALTERNATIVE 2: ON-SITE GROUNDWATER EXTRACTION, TREATMENT AND SURFACE WATER DISCHARGE 
PRESENT WORTH COST: $7,266,000
PW CAPITAL COST: $3,146,500
PW O&M COST: $4,120,000/30 YR.
YEARS TO IMPLEMENT: 2

ALTERNATIVE 2 PROVIDES FOR THE HYDRAULIC CONTAINMENT OF THE CONTAMINATED ON-SITE GROUNDWATER
ALONG THE NORTHERN BOUNDARY OF THE DISPOSAL AREAS. APPROXIMATELY 5 EXTRACTION WELLS WOULD BE
INSTALLED TO DEVELOP A HYDRAULIC GRADIENT ALONG THIS NORTHERN BOUNDARY LINE PREVENTING ON-SITE
GROUNDWATER CONTAMINATION ABOVE MCLS FROM LEAVING THE DISPOSAL AREAS. EXTRACTED ON-SITE
GROUNDWATER WOULD BE PUMPED TO A TREATMENT SYSTEM LOCATED ON THE SITE PROPERTY FOR TREATMENT OF
GROUNDWATER TO NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM ("NPDES") CONCENTRATIONS
ESTABLISHED AS PART OF THE CLEAN WATER ACT FOR SURFACE WATER DISCHARGES. THE CONTAMINATION,
PARTICULARLY CARBON TETRACHLORIDE, CHLOROFORM, AND NATURALLY OCCURRING METALS, WOULD BE TREATED
USING SETTLING TANKS FOR SOLIDS REMOVAL, AIR STRIPPING AND CARBON ADSORPTION.  TREATED ON-SITE
GROUNDWATER WOULD BE DISCHARGED TO ONE OF THE NEARBY SURFACE WATER BODIES (PUGH OR CLOVER CREEK)
AND WOULD COMPLY WITH NPDES DISCHARGE REQUIREMENTS.

ALTERNATIVE 3: INSTITUTIONAL CONTROLS



PRESENT WORTH COST: $1,088.00
PW CAPITAL COST: $60,000
PW O&M COST: $1,028,000/30 YRS.
YEARS TO IMPLEMENT: 50

ALTERNATIVE 3 PROVIDES ONLY FOR THE RESTRICTIONS OF LAND AND GROUNDWATER USE IN THE CONTAMINATED
AREAS.  IT INCLUDES THE MONITORING OF THE CONTAMINATION AND ITS MIGRATION OFF-SITE.  REDUCTION
OF CONTAMINANTS TO ACCEPTABLE LEVELS WOULD OCCUR ONLY THROUGH NATURAL PROCESSES AND WILL REQUIRE
AN ESTIMATED 50 YEARS BEFORE CLEANUP GOALS WOULD BE MET.

ALTERNATIVE 4: OFF-SITE GROUNDWATER EXTRACTION THROUGH WELLS AND A COLLECTION TRENCH
ALONG PUGH AND CLOVER CREEKS, TREATMENT AND SURFACE WATER DISCHARGE

PRESENT WORTH COST: $11,791,500
PW CAPITAL COST: $6,568.500
PW O&M COST: $5,223,000/30 YRS.
YEARS TO IMPLEMENT: 2

ALTERNATIVE 4 ADDRESSES THE CONTAINMENT AND RECOVERY ALONG CLOVER CREEK AND THE EXTRACTION OF
OFF-SITE GROUNDWATER IN THE AREAS OF HIGHEST CONTAMINATION.  A SLURRY WALL AND COLLECTION TILE
SYSTEM WOULD BE PLACED ALONG CLOVER CREEK STATION AT THE CONFLUENCE OF CLOVER CREEK AND PUGH
CREEK FOR APPROXIMATELY 8,000 FEET (SEE FIGURE 16) TO THE WESTERN LIMIT OF THE PLUME TO COLLECT
CONTAMINATION ALREADY ENTERING THE CREEKS.

APPROXIMATELY 10 EXTRACTION WELLS WOULD BE INSTALLED INTO THE HIGH CONCENTRATION AREAS OF THE
OFF-SITE GROUNDWATER TO CONTROL FURTHER MIGRATION OF THE PLUME TOWARD THE CREEKS AND TO TREAT 
THE GROUNDWATER TO MCL CONCENTRATION LEVELS.  THE EXTRACTED WATER WOULD BE PUMPED TO AN OFF-SITE
SYSTEM FOR TREATMENT.  THE SYSTEM WOULD CONSIST OF SETTLING TANKS, AIR STRIPPING AND CARBON
ABSORPTION.  TREATED GROUNDWATER WOULD BE DISCHARGED TO ONE OF THE NEARBY SURFACE WATER BODIES 
AND WOULD COMPLY WITH NPDES DISCHARGE REQUIREMENTS.

ALTERNATIVE 5: OFF-SITE GROUNDWATER EXTRACTION THROUGH A COLLECTION TRENCH ALONG PUGH
AND CLOVER CREEKS, TREATMENT AND SURFACE WATER DISCHARGE

PRESENT WORTH COST: $9,384,000
PW CAPITAL COST: $4,727,000
PW O&M COSTS: $4,657,000/30 YRS.
YEARS TO IMPLEMENT: 2

ALTERNATIVE 5, LIKE ALTERNATIVE 4, ADDRESSES THE CONTAINMENT AND RECOVERY OF OFF-SITE
CONTAMINATED GROUNDWATER ALONG CLOVER CREEK.  A SLURRY WALL AND COLLECTION TILE SYSTEM WOULD BE
PLACED ALONG CLOVER CREEK; HOWEVER, NO EXTRACTION WELLS WOULD BE INSTALLED IN THE HIGH
CONCENTRATION AREAS OF THE GROUNDWATER PLUME.  THE CONTAMINATED GROUNDWATER WOULD BE TREATED AND
DISCHARGED IN THE SAME MANNER DESCRIBED IN ALTERNATIVE 4.

ALTERNATIVE 6: OFF-SITE GROUNDWATER EXTRACTION THROUGH WELLS, TREATMENT AND SURFACE
WATER DISCHARGE 

PRESENT WORTH COST: $4,378,000
PW CAPITAL COST: $1,936,000
PW O&M COST: $2,442,000/30 YRS.
YEARS TO IMPLEMENT: 2

ALTERNATIVE 6 PROVIDES FOR THE REMOVAL OF CONTAMINATED OFF-SITE GROUNDWATER FROM THE PLUME IN
THE AREAS OF HIGHEST CONCENTRATION. APPROXIMATELY 10 WELLS WOULD BE INSTALLED INTO THE HIGH
CONCENTRATION AREAS OF THE OFF-SITE PLUME TO CONTROL THE GROUNDWATER CONTAMINANT MIGRATION AND
REMEDIATE THE OFF-SITE GROUNDWATER TO MCL CONCENTRATION LEVELS.  THE OFF-SITE GROUNDWATER



TREATMENT AND DISCHARGE WOULD BE THE SAME AS ALTERNATIVE 4 AND WOULD COMPLY WITH NPDES
REQUIREMENTS.

ARARS

ANY REMEDY IMPLEMENTED FOR OP UNIT #1 SHALL MEET THE PERFORMANCE STANDARDS SET FORTH BELOW WHICH
ARE THE APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS ("ARARS") IDENTIFIED FOR THESE
REMEDIAL ALTERNATIVES.

REMEDIATION OF CONTAMINATED GROUNDWATER FOR A CLASS IIA AQUIFER IS REQUIRED TO MEET MCLS AS
ESTABLISHED UNDER THE SAFE DRINKING WATER ACT (40 CFR 141, 143) AND, IF POSSIBLE, TO ATTAIN
MAXIMUM CONTAMINANT LEVEL GOALS ("MCLGS").  MCLGS CAN NOT BE ENFORCED AS CLEANUP LEVELS SINCE
THEY ARE SOMETIMES TECHNICALLY IMPOSSIBLE TO MEET; HOWEVER, GROUNDWATER SAMPLING WILL MONITOR
FOR MCLGS AS A POSSIBLE RESULT OF THE GROUNDWATER EXTRACTION AND TREATMENT.  THE GROUNDWATER
REMEDIATION LEVELS FOR THE CONTAMINANTS OF CONCERN IN THE AQUIFER ARE IDENTIFIED IN TABLE 12.
REDUCTION OF THE CONTAMINANTS TO THESE LEVELS WILL REDUCE THE RISK POSED FROM THE CONSUMPTION OF
CONTAMINATED WATER FROM AN ABSOLUTE RISK OVER A TEN YEAR PERIOD TO A RISK OF 8.2 X (10-5) FOR A
70 KG ADULT OVER A LIFETIME (70 YEARS).  THIS RISK FALLS WITHIN EPA'S ACCEPTABLE RISK RANGE OF
(10-4) TO (10-6).

ANY DISCHARGE TO A NEARBY SURFACE WATER BODY IS REQUIRED TO MEET NPDES STANDARDS ESTABLISHED BY
THE CLEAN WATER ACT AND REGULATED BY THE STATE OF TENNESSEE.  PUGH AND CLOVER CREEKS ARE
CLASSIFIED FOR FISH AND AQUATIC LIFE, RECREATION, IRRIGATION, LIVESTOCK WATERING AND WILDLIFE.
THE ALLOWABLE IN-STREAM CONTAMINANT LEVELS BASED ON STATE AND FEDERAL REGULATIONS ARE IDENTIFIED
IN TABLE 13.  FINAL DISCHARGE LEVELS WILL BE DETERMINED BY SURFACE WATER FLOW INFORMATION,
CONTAMINANT LEVELS, AND BIOLOGICAL TESTING THAT WILL BE ESTABLISHED BY THE STATE OF TENNESSEE.
THE SURFACE WATER DISCHARGE WILL BE REQUIRED TO MEET THE NPDES LIMITS THAT ARE ESTABLISHED. 

SINCE CONTAMINANTS ARE PRESENTLY STILL LEACHING FROM THE DISPOSAL AREAS, A POINT OF COMPLIANCE,
AS DEFINED UNDER REGULATIONS PROMULGATED PURSUANT TO THE RESOURCE CONSERVATION AND RECOVERY ACT
("RCRA") (40 CFR SECTION 264.95) IS RELEVANT AND APPROPRIATE FOR DETERMINING THE POINT OR LINE
ON THE SITE BEYOND WHICH CONTAMINANT LEVELS IN THE GROUNDWATER MUST BE REMEDIATED TO MCLS.  THE
POINT OF COMPLIANCE ("POC") FOR THIS ROD IS ESTABLISHED BY IDENTIFYING THE DISPOSAL AREAS AND
SETTING THE POC AT THE EDGE OF THESE AREAS AS SHOWN IN FIGURE 17.  DUE TO THE STEEP RELIEF ALONG
THE EDGE OF THE DISPOSAL AREAS AT THIS SITE ESPECIALLY ALONG THE NORTHERN AND EASTERN SIDES,
THE  POC IS SET AT THE BASE OF THE GRADE OF THE DISPOSAL AREAS.

LAND DISPOSAL RESTRICTIONS ("LDRS") AS SET FORTH IN REGULATIONS PROMULGATED PURSUANT TO RCRA (40
CFR PART 268) MAY BE APPLICABLE TO THE RESIDUALS OF THE GROUNDWATER TREATMENT FACILITY,
SPECIFICALLY THE SLUDGE FROM THE SETTLING TANKS WHICH MAY REQUIRE RCRA DISPOSAL.  SPENT CARBON
FROM THE TREATMENT PROCESS SHOULD BE ABLE TO BE REGENERATED FOR ADDITIONAL USE.

THE CLEAN AIR ACT IS AN ARAR FOR THE RELEASES TO AIR FROM THE AIR STRIPPER.  RELEASES FROM THE
STRIPPER WILL COMPLY WITH FEDERAL AND STATE CLEAN AIR STANDARDS.

ANY WORK PERFORMED IN THE AREA OF CLOVER CREEK COULD AFFECT THE WETLANDS ALONG CLOVER CREEK, AND
40 CFR PART 6, APPENDIX A CONCERNING RESPONSES IN A WETLANDS WOULD APPLY.

#SCAA
SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES

THE REMEDIAL ALTERNATIVES DEVELOPED DURING THE SITE FS WERE EVALUATED BY USEPA USING THE
FOLLOWING NINE CRITERIA.  THE ADVANTAGES AND DISADVANTAGES OF EACH ALTERNATIVE WERE THEN
COMPARED TO IDENTIFY THE ALTERNATIVE PROVIDING THE BEST BALANCE AMONG THESE NINE CRITERIA. 



1. OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT ADDRESSES WHETHER OR NOT AN
ALTERNATIVE PROVIDES ADEQUATE PROTECTION AND DESCRIBES HOW RISKS ARE ELIMINATED,
REDUCED OR CONTROLLED THROUGH TREATMENT AND ENGINEERING OR INSTITUTIONAL CONTROLS.

2. COMPLIANCE WITH APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS)
ADDRESSES WHETHER OR NOT AN ALTERNATIVE WILL MEET ALL OF THE APPLICABLE OR RELEVANT
AND APPROPRIATE REQUIREMENTS OR PROVIDE GROUNDS FOR INVOKING A WAIVER.

3. LONG-TERM EFFECTIVENESS AND PERMANENCE REFERS TO THE ABILITY OF AN ALTERNATIVE TO
MAINTAIN RELIABLE PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT, OVER TIME, ONCE
CLEANUP OBJECTIVES HAVE BEEN MET.

4. REDUCTION OF TOXICITY, MOBILITY OR VOLUME IS THE ANTICIPATED PERFORMANCE OF THE
TREATMENT TECHNOLOGIES AN ALTERNATIVE MAY EMPLOY.

5. SHORT-TERM EFFECTIVENESS INVOLVES THE PERIOD OF TIME NEEDED TO ACHIEVE PROTECTION
AND ANY ADVERSE IMPACTS ON HUMAN HEALTH AND THE ENVIRONMENT THAT MAY BE POSED DURING
THE CONSTRUCTION AND IMPLEMENTATION PERIOD UNTIL CLEANUP OBJECTIVES ARE ACHIEVED.

6. IMPLEMENTABILITY IS THE TECHNICAL AND ADMINISTRATIVE FEASIBILITY OF AN ALTERNATIVE,
INCLUDING THE AVAILABILITY OF GOODS AND SERVICES NEEDED TO IMPLEMENT THE SOLUTION.

7. COST INCLUDES CAPITAL COSTS, AS WELL AS OPERATION AND MAINTENANCE COSTS.

8. AGENCY ACCEPTANCE INDICATES WHETHER, BASED ON ITS REVIEW OF THE RI/FS AND PROPOSED
PLAN, TDHE AGREES WITH USEPA ON THE PREFERRED ALTERNATIVE.

9. COMMUNITY ACCEPTANCE INDICATES THE PUBLIC SUPPORT OF A GIVEN ALTERNATIVE.  THIS
CRITERIA IS DISCUSSED IN THE RESPONSIVENESS SUMMARY.

TABLE 14 CONTAINS AN EVALUATION AND COMPARISON OF THE SIX (6) ALTERNATIVES FOR THE GROUNDWATER
USING SEVEN OF THE NINE CRITERIA. STATE AND COMMUNITY ACCEPTANCE ARE DISCUSSED BELOW. 

STATE ACCEPTANCE

TDHE HAS ASSISTED USEPA IN THE REVIEW OF REPORTS AND SITE EVALUATIONS. TDHE HAS REVIEWED AND
CONCURS WITH THE SELECTED REMEDY FOR THE GROUNDWATER (SEE APPENDIX B).

COMMUNITY ACCEPTANCE 

COMMUNITY RESPONSE TO THE ALTERNATIVES IS PRESENTED IN THE RESPONSIVENESS SUMMARY (APPENDIX A)
WHICH ADDRESSES COMMENTS RECEIVED DURING THE PUBLIC MEETING AND PUBLIC COMMENT PERIOD.  ALTHOUGH
THE PUBLIC HAD GENERAL QUESTIONS CONCERNING THE REMEDY, NO COMMENTS WERE RECEIVED THAT INDICATED
THE NEED FOR A MAJOR CHANGE IN THE REMEDY SELECTED.

SELECTED REMEDY

THE SELECTED REMEDY FOR THE CONTAMINATED GROUNDWATER IS A COMBINATION OF ALTERNATIVES 2 AND 6. 
THIS REMEDY INVOLVES THE HYDRAULIC CONTAINMENT OF THE ON-SITE GROUNDWATER USING EXTRACTION WELLS
TO PREVENT THE ON-SITE GROUNDWATER ABOVE MCLS FROM LEAVING THE DISPOSAL AREAS AND THE EXTRACTION
OF CONTAMINATED OFF-SITE GROUNDWATER TO REMEDIATE THE CONTAMINATED AQUIFER BEYOND THE POC DOWN
TO MCLS.  AFTER GROUNDWATER IS EXTRACTED, IT WILL BE TREATED AND THEN DISCHARGED TO A NEARBY
SURFACE WATER BODY (PUGH OR CLOVER CREEK).

THE SELECTED REMEDY WILL INCLUDE THE FOLLOWING:



7. EXTRACTION WELLS (APPROXIMATELY FIVE (5)) AND PUMPING SYSTEMS WILL BE INSTALLED TO ACHIEVE
AN EFFECTIVE HYDRAULIC CAPTURE OF CONTAMINANTS IN ON-SITE GROUNDWATER AT THE POC (SEE PAGE
46).  APPROXIMATE LOCATIONS OF THESE EXTRACTION WELLS ARE SHOWN IN FIGURE 18; HOWEVER,
LOCATIONS OF THESE WELLS WILL CHANGE TO COMPLY WITH THE POC.  IT IS ESTIMATED THAT THESE
WELLS MUST COLLECTIVELY RECOVER APPROXIMATELY 200 GPM TO ACHIEVE HYDRAULIC CONTAINMENT. 
PIEZOMETERS MAY BE INSTALLED WITHIN THE PROJECTED CONTAINMENT AREA TO DEMONSTRATE CAPTURE.

8. EXTRACTION WELLS (APPROXIMATELY TEN (10)) AND PUMPING SYSTEMS WILL BE INSTALLED TO RESTORE
THE CONTAMINATED OFF-SITE GROUNDWATER BEYOND THE POC TO WITHIN ACCEPTABLE DRINKING WATER
STANDARDS BY REMOVING GROUNDWATER FROM THE AREAS OF PEAK CONTAMINANT CONCENTRATION.  IT IS
ESTIMATED THAT THESE EXTRACTION WELLS WILL HAVE A PUMPING RATE OF APPROXIMATELY 30 GPM
EACH.  APPROXIMATE LOCATIONS OF THESE EXTRACTION WELLS ARE SHOWN IN FIGURE 19; HOWEVER,
LOCATIONS OF THESE WELLS  COULD CHANGE BASED ON MOVEMENT OF THE CONTAMINANT PLUME.

9. GROUNDWATER FROM ALL EXTRACTION WELLS WILL BE PUMPED VIA A FORCEMAIN SYSTEM TO THE
TREATMENT PLANT ON THE SITE PROPERTY AS SHOWN IN FIGURE 19.  IT IS ESTIMATED THAT
APPROXIMATELY 8000 TO 9000 LINEAL FEET OF FORCEMAIN WILL BE REQUIRED TO CONNECT ALL OF THE
EXTRACTION WELLS AND THE TREATMENT PLANT.

10. CONTAMINATED GROUNDWATER WILL BE TREATED IN THE TREATMENT PLANT USING A SYSTEM
CONCEPTUALLY DESIGNED TO CONSIST OF SETTLING TANKS FOR SOLIDS REMOVAL, AIR STRIPPING AND
FINAL CARBON ADSORPTION TREATMENT FOR OFF GAS TREATMENT AND FINAL GROUNDWATER POLISHING
PRIOR TO DISCHARGE.  A CONCEPTUAL DESIGN OF THE SYSTEM IS SHOWN SCHEMATICALLY IN FIGURE
20.  IT IS ESTIMATED THAT THE PLANT WILL BE TREATING APPROXIMATELY 550 GPM OF WATER
CONTAMINATED WITH AN APPROXIMATE TOTAL VOC CONCENTRATION OF 15 MG/L.  THE TREATMENT SYSTEM
WILL BE REQUIRED TO COMPLY WITH AIR EMISSIONS STANDARDS AND NPDES REQUIREMENTS (SEE PAGE
49) PRIOR TO SURFACE WATER DISCHARGE AND MAY BE MODIFIED TO MEET THESE REQUIREMENTS.

11. TREATED WATER WILL BE DISCHARGED TO ONE OF THE NEARBY SURFACE WATER BODIES (PUGH OR CLOVER
CREEK) IN COMPLIANCE WITH NPDES REQUIREMENTS VIA A FORCEMAIN PIPING SYSTEM.

12. GROUNDWATER MONITORING WILL BE CONDUCTED TO DETERMINE THE EFFECTIVENESS OF THE GROUNDWATER
EXTRACTION AND VERIFY THAT GROUNDWATER REMEDIATION GOALS (TABLE 12) ARE REACHED FOR THE
OFF-SITE GROUNDWATER BEYOND THE POC.

13. DEED RESTRICTIONS, SIGNS, AND INSTITUTIONAL CONTROLS WILL BE ESTABLISHED TO IDENTIFY THE
PRESENCE, QUANTITY AND NATURE OF WASTES IN THE DISPOSAL AREA AND GROUNDWATER AND LIMIT
USES OF BOTH UNTIL REMEDIATIONS ARE COMPLETE.

14. MAINTAIN THE GROUNDWATER TREATMENT SYSTEM AND THE DISPOSAL AREAS' COVER.  MAINTENANCE OF
THE DISPOSAL AREAS WILL INCLUDE: 
A. PERIODIC INSPECTION OF THE DISPOSAL AREAS' SURFACE INCLUDING SLOPES;
B. PERIODIC INSPECTION OF THE MONITORING WELL NETWORK AND PROPERTY FENCE;
C. PERIODIC MOWING OF THE VEGETATION OVER THE DISPOSAL AREAS' COVER;
D. THE APPLICATION OF FERTILIZER AT A SPECIFIED FREQUENCY; 
E. RE-ESTABLISHMENT OF VEGETATION OVER DISTRESSED AREAS;
F. PERIODIC REPAIR OF AREAS ERODED BY SURFACE WATER RUNOFF, MAINTENANCE OF THE PROPERTY

FENCE AND SIGNS; AND
G. CONTROL OF BURROWING ANIMALS.

9. IDENTIFY AND EVALUATE POSSIBLE ADDITIONAL REMEDIAL ACTIONS REQUIRED FOR ADDRESSING THE
CONTAMINATION OF THE ENTIRE SITE INCLUDING THE CONTAMINANT SOURCE (DISPOSAL AREAS) AND
POSSIBLE ENVIRONMENTAL/ECOLOGICAL CONCERNS AND PREPARE A FEASIBILITY STUDY TO DISCUSS THE
ALTERNATIVES.  POSSIBLE TREATABILITY STUDIES AND/OR ADDITIONAL SAMPLING MAY BE REQUIRED.



IN ADDITION TO THE ABOVE ACTIVITIES, VARIOUS SUPPORT ACTIVITIES INCLUDING THE IMPLEMENTATION OF
A WORKER HEALTH & SAFETY PROGRAM AND ENVIRONMENTAL MONITORING FOR INDICATOR CHEMICAL EMISSIONS
WILL BE CONDUCTED.

THE ESTIMATED COSTS OF ALTERNATIVES 2 AND 6 ARE SHOWN IN TABLES 15 AND 16.  THE COMBINED COST
FOR THIS SELECTED REMEDY, EXCLUDING THE COST FOR THE WORK IDENTIFIED IN PARAGRAPH IX ABOVE, IS
ESTIMATED TO BE APPROXIMATELY 11,644,000 DOLLARS.

CONTINGENCY MEASURES 

THE GOAL OF THIS REMEDIAL ACTION IS TO RESTORE THE GROUNDWATER TO ITS BENEFICIAL USE, WHICH IS
THAT OF A DRINKING WATER SOURCE.  BASED ON INFORMATION OBTAINED DURING THE REMEDIAL
INVESTIGATION AND THE ANALYSIS OF ALL REMEDIAL ALTERNATIVES, EPA BELIEVES THAT THE SELECTED
REMEDY MAY BE ABLE TO ACHIEVE THIS GOAL.

IT MAY BECOME APPARENT, DURING IMPLEMENTATION OR OPERATION OF THE GROUNDWATER EXTRACTION SYSTEM
AND ITS MODIFICATIONS, THAT CONTAMINANT LEVELS HAVE CEASED TO DECLINE AND ARE REMAINING CONSTANT
AT LEVELS HIGHER THAN THE REMEDIATION GOALS IN TABLE 12 OVER SOME PORTION OF THE CONTAMINATED
PLUME.  IN SUCH A CASE, THE REMEDIATION GOALS AND/OR THE REMEDY MAY BE REEVALUATED.

IF THE SELECTED REMEDY CANNOT MEET THE SPECIFIED REMEDIATION GOALS, AT ANY OR ALL OF THE
MONITORING POINTS DURING IMPLEMENTATION, THE CONTINGENCY MEASURES AND GOALS DESCRIBED IN THIS
SECTION MAY REPLACE THE SELECTED REMEDY AND GOALS FOR THESE PORTIONS OF THE PLUME.  SUCH
CONTINGENCY MEASURES WILL, AT A MINIMUM, PREVENT FURTHER MIGRATION OF THE PLUME AND INCLUDE A
COMBINATION OF CONTAINMENT TECHNOLOGIES AND INSTITUTIONAL CONTROLS.  THESE MEASURES ARE
CONSIDERED TO BE PROTECTIVE OF HUMAN HEALTH AND THE ENVIRONMENT, AND ARE TECHNICALLY PRACTICABLE
UNDER THE CORRESPONDING CIRCUMSTANCES.

THE SELECTED REMEDY WILL INCLUDE GROUNDWATER EXTRACTION FOR AN ESTIMATED PERIOD OF 30 YEARS,
DURING WHICH TIME THE SYSTEM'S PERFORMANCE WILL BE CAREFULLY MONITORED ON A REGULAR BASIS AND 
ADJUSTED AS WARRANTED BY THE PERFORMANCE DATA COLLECTED DURING OPERATION.  MODIFICATIONS MAY
INCLUDE ANY OR ALL OF THE FOLLOWING:

1. AT INDIVIDUAL WELLS WHERE CLEANUP GOALS HAVE BEEN ATTAINED, PUMPING MAY BE
DISCONTINUED;

2. ALTERNATING PUMPING AT WELLS TO ELIMINATE STAGNATION POINTS;
3. PULSE PUMPING TO ALLOW AQUIFER EQUILIBRATION AND ENCOURAGE ADSORBED CONTAMINANTS TO

PARTITION INTO GROUNDWATER; AND
4. INSTALLATION OF ADDITIONAL EXTRACTION WELLS TO FACILITATE OR ACCELERATE CLEANUP OF

THE CONTAMINANT PLUME.
TO ENSURE THAT THE REMEDIATION GOALS CONTINUE TO BE MAINTAINED, THE AQUIFER WILL BE MONITORED AT
THOSE WELLS WHERE PUMPING HAS CEASED ON AN OCCURRENCE OF EVERY QUARTER FOR 5 YEARS FOLLOWING
DISCONTINUATION OF GROUNDWATER EXTRACTION.

IF IT IS DETERMINED, ON THE BASIS OF THE PRECEDING CRITERIA AND THE SYSTEM PERFORMANCE DATA,
THAT CERTAIN PORTIONS OF THE AQUIFER CANNOT BE RESTORED TO THEIR BENEFICIAL USE, ANY OR ALL OF
THE FOLLOWING MEASURES INVOLVING LONG-TERM MANAGEMENT MAY OCCUR, FOR AN INDEFINITE PERIOD OF
TIME, AS A MODIFICATION OF THE EXISTING SYSTEM: 

A. ENGINEERING CONTROLS SUCH AS PHYSICAL BARRIERS, OR LONG-TERM GRADIENT CONTROL
PROVIDED BY LOW LEVEL PUMPING, AS CONTAINMENT MEASURES;

B. CHEMICAL-SPECIFIC ARARS WILL BE WAIVED FOR THE CLEANUP OF THOSE PORTIONS OF THE
AQUIFER BASED ON THE TECHNICAL IMPRACTICABILITY OF ACHIEVING FURTHER CONTAMINANT
REDUCTION;



C. INSTITUTIONAL CONTROLS WILL BE PROVIDED/MAINTAINED TO RESTRICT ACCESS TO THOSE
PORTIONS OF THE AQUIFER WHICH REMAIN ABOVE REMEDIATION GOALS;

D. CONTINUED MONITORING OF SPECIFIED WELLS; AND 
E. PERIODIC REEVALUATION OF REMEDIAL TECHNOLOGIES FOR GROUNDWATER RESTORATION.

THE DECISION TO INVOKE ANY OR ALL OF THESE MEASURES MAY BE MADE DURING A PERIODIC REVIEW OF THE
REMEDIAL ACTION, WHICH WILL OCCUR AT LEAST ONCE EVERY FIVE (5) YEARS.  IF ANY OR ALL OF THESE
MEASURES ARE DETERMINED TO BE NECESSARY, AN EXPLANATION OF SIGNIFICANT DIFFERENCES ("ESD") OR A
ROD AMENDMENT WILL BE ISSUED TO INFORM THE PUBLIC OF THESE ACTIONS.

#SD
STATUTORY DETERMINATIONS

UNDER ITS LEGAL AUTHORITIES, EPA'S PRIMARY RESPONSIBILITY AT SUPERFUND SITES IS TO UNDERTAKE
REMEDIAL ACTIONS THAT ACHIEVE ADEQUATE PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT.  IN
ADDITION, SECTION 121 OF CERCLA ESTABLISHES SEVERAL OTHER STATUTORY REQUIREMENTS AND
PREFERENCES.  THESE SPECIFY THAT WHEN COMPLETE, THE SELECTED REMEDIAL ACTION FOR THIS SITE MUST
COMPLY WITH APPLICABLE OR RELEVANT AND APPROPRIATE ENVIRONMENTAL STANDARDS ESTABLISHED UNDER
FEDERAL AND STATE ENVIRONMENTAL LAWS UNLESS A STATUTORY WAIVER IS JUSTIFIED.  THE SELECTED
REMEDY ALSO MUST BE COST EFFECTIVE AND UTILIZE PERMANENT SOLUTIONS AND ALTERNATIVE TREATMENT
TECHNOLOGIES OR RESOURCE RECOVERY TECHNOLOGIES TO THE MAXIMUM EXTENT PRACTICABLE.  FINALLY, THE
STATUTE INCLUDES A PREFERENCE FOR REMEDIES THAT EMPLOY TREATMENT THAT PERMANENTLY AND
SIGNIFICANTLY REDUCE THE VOLUME, TOXICITY, OR MOBILITY OF HAZARDOUS WASTES AS THEIR PRINCIPAL
ELEMENT.  THE FOLLOWING SECTIONS DISCUSS HOW THE SELECTED REMEDY MEETS THESE STATUTORY
REQUIREMENTS.

PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

BASED ON THE SITE RISK ASSESSMENT, LONG TERM EXPOSURE TO CONTAMINANTS THROUGH THE CONSUMPTION
AND USE OF CONTAMINATED GROUNDWATER IS THE IDENTIFIED RISK ASSOCIATED WITH THE SITE.  ALTHOUGH
NO EXCESSIVE RISK WAS IDENTIFIED FOR EXPOSURE TO THE WASTES CONTAINED IN THE DISPOSAL AREAS,
THIS RISK LEVEL WAS BASED ON PRESENT CONDITIONS WHICH INCLUDE A TEMPORARY COVER OVER THE
DISPOSAL AREAS.

THE SELECTED REMEDY PROTECTS HUMAN HEALTH AND THE ENVIRONMENT THROUGH EXTRACTION AND TREATMENT
OF THE CONTAMINATED GROUNDWATER.  THE CONTAMINANTS WILL BE PERMANENTLY REMOVED FROM THE
GROUNDWATER BY AIR STRIPPING.  THE VOLATILE DISSOLVED GASES WILL BE TRANSFERRED TO THE AIR
STREAM FOR TREATMENT BY CARBON ADSORPTION AND RELEASE TO THE ATMOSPHERE IN COMPLIANCE WITH CLEAN
AIR ACT REGULATIONS.

EXTRACTION OF THE CONTAMINATED GROUNDWATER ALSO WILL EVENTUALLY ELIMINATE THE THREAT OF EXPOSURE
TO THE MOST MOBILE CONTAMINANTS FROM DIRECT CONTACT OR FROM INGESTION OF CONTAMINATED
GROUNDWATER.  THE FUTURE CARCINOGENIC RISKS ASSOCIATED WITH THESE EXPOSURE PATHWAYS ARE AS HIGH
AS A ONE IN ONE FOR CONSUMPTION OF THE CONTAMINATED GROUNDWATER. BY EXTRACTING THE CONTAMINATED
GROUNDWATER AND TREATING, THE CANCER RISK IN THE CONSUMPTION OF OFF-SITE GROUNDWATER WILL BE
REDUCED TO ABOUT 8.2 X (10-5) AND AN HAZARD INDICES (HI) RATIO OF LESS THAN 1.  THESE LEVELS ARE
WITHIN THE RANGE OF ACCEPTABLE EXPOSURE LEVELS OF BETWEEN (10-4) AND (10-6) AND AN HI RATIO OF
LESS THAN 1.  THERE ARE NO SHORT-TERM THREATS ASSOCIATED WITH THE SELECTED REMEDY THAT CANNOT BE
READILY CONTROLLED.  IN ADDITION, NO ADVERSE CROSS-MEDIA IMPACTS ARE EXPECTED FROM THE REMEDY.

THE CONTINGENCY REMEDY, IF REQUIRED, WILL PROVIDE OVERALL PROTECTION OF HUMAN HEALTH AND THE
ENVIRONMENT THROUGH A COMBINATION OF MASS REDUCTION AND INSTITUTIONAL AND/OR ENGINEERING
CONTROLS. 



COMPLIANCE WITH ARARS

THE SELECTED REMEDY OF HYDRAULIC CONTAINMENT AND TREATMENT OF THE ON-SITE GROUNDWATER AT THE POC
AND EXTRACTION AND TREATMENT OF THE OFF-SITE GROUNDWATER BEYOND THE POC WILL COMPLY WITH ALL
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS) OR THE CONTINGENCY REMEDY WILL
ATTAIN OR JUSTIFY THE WAIVER OF ANY ARARS.  THE ARARS ARE PRESENTED BELOW:

ACTION SPECIFIC ARARS:

• CLEAN WATER ACT (40 CFR PART 122)
• TENNESSEE WATER QUALITY CONTROL ACT, TN CODE 69-3-104
• CLEAN AIR ACT (40 CFR PARTS 50-62)

CHEMICAL SPECIFIC ARARS:

• SAFE DRINKING WATER ACT (40 CFR PARTS 141, AND 143)
• TENNESSEE WATER QUALITY CRITERIA (1200-4)

LOCATION SPECIFIC ARARS

• RESPONSE IN A FLOODPLAN OR WETLANDS (40 CFR PART 6, APPENDIX A)
• RCRA (40 CFR SECTION 264.95)
• CLEAN WATER ACT (SECTION 404) (40 CFR PART 230) (33 CFR PARTS 320-330)

RCRA LDRS ARE NOT GENERALLY APPLICABLE TO THE GROUNDWATER EXTRACTION AND TREATMENT PROCESS;
HOWEVER, SHOULD LEVELS IN THE WASTE RESIDUALS IN THE SLUDGE FROM THE TREATMENT PROCESS EXCEED
ALLOWABLE STANDARDS, THE SLUDGE WILL BE DISPOSED OF IN ACCORDANCE WITH LDRS.

COST EFFECTIVENESS

THE SELECTED REMEDIES ARE COST-EFFECTIVE BECAUSE THEY HAVE BEEN DETERMINED TO PROVIDE OVERALL
EFFECTIVENESS PROPORTIONAL TO THEIR COSTS. ALTERNATIVES 2 AND 6 HAVE AN ESTIMATED NET PRESENT
WORTH VALUE OF $11,644,000.  ALTERNATIVE 6 IS THE LEAST COSTLY AND THE MOSTLY EASILY IMPLEMENTED
OF ALTERNATIVES 4,5 AND 6 WHICH MEET ALL OFF-SITE ARARS.

UTILIZATION OF PERMANENT SOLUTIONS AND ALTERNATIVE TREATMENT TECHNOLOGIES (OR RESOURCE RECOVERY
TECHNOLOGIES) TO THE MAXIMUM EXTENT PRACTICABLE

THE STATE OF TENNESSEE AND EPA HAVE DETERMINED THAT THE SELECTED REMEDY REPRESENTS THE MAXIMUM
EXTENT TO WHICH PERMANENT SOLUTIONS AND TREATMENT TECHNOLOGIES CAN BE UTILIZED IN A
COST-EFFECTIVE MANNER FOR OP UNIT #1. OF THOSE ALTERNATIVES THAT ARE PROTECTIVE OF HUMAN HEALTH
AND THE ENVIRONMENT AND COMPLY WITH ARARS, THE STATE OF TENNESSEE AND EPA HAVE DETERMINED THAT
THIS SELECTED REMEDY PROVIDES THE BEST BALANCE OF TRADEOFFS IN TERMS OF LONG-TERM EFFECTIVENESS
AND PERMANENCE, REDUCTION IN TOXICITY, MOBILITY, OR VOLUME ACHIEVED THROUGH TREATMENT,
SHORT-TERM EFFECTIVENESS, IMPLEMENTABILITY, COST, ALSO CONSIDERING THE STATUTORY PREFERENCE FOR
TREATMENT AS A PRINCIPAL ELEMENT AND CONSIDERING STATE AND COMMUNITY INPUT.

THE SELECTED REMEDY REDUCES THE TOXICITY, MOBILITY, AND VOLUME OF THE CONTAMINANTS IN THE
GROUNDWATER; COMPLIES WITH ARARS; PROVIDES SHORT-TERM EFFECTIVENESS; AND PROTECTS HUMAN HEALTH
AND THE ENVIRONMENT. THE SELECTED REMEDY WILL BE EASIER TO IMPLEMENT TECHNICALLY BECAUSE IT
REQUIRES LESS CONSTRUCTION AND IS LESS LIKELY TO DESTROY THE WETLANDS AROUND CLOVER CREEK. 
FINALLY, THE OFF-SITE PORTION OF THE REMEDY COSTS THE LEAST OF THE EQUALLY PROTECTIVE OFF-SITE
ALTERNATIVES.  THE MAJOR TRADEOFFS THAT PROVIDE THE BASIS FOR THIS SELECTION DECISION ARE
LONG-TERM EFFECTIVENESS, IMPLEMENTABILITY, AND COST. 



THE SELECTED REMEDY IS MORE RELIABLE AND CAN BE IMPLEMENTED MORE QUICKLY, WITH LESS DIFFICULTY
AND AT LESS COST THAT THE OTHER TREATMENT ALTERNATIVES AND IS THEREFORE DETERMINED TO BE THE
MOST APPROPRIATE SOLUTION FOR THE CONTAMINATED GROUNDWATER CAUSED BY THE RELEASE OF HAZARDOUS
SUBSTANCES FROM OR AT THE SITE.

PREFERENCE FOR TREATMENT AS A PRINCIPAL ELEMENT

BY TREATING THE CONTAMINATED GROUNDWATER IN AN ON-SITE TREATMENT PLANT CONSISTING OF AN AIR
STRIPPER AND CARBON ADSORPTION THEN DISCHARGING THE TREATED EFFLUENT TO ONE OF THE NEARBY
SURFACE WATER BODIES, THE SELECTED REMEDY ADDRESSES THE PRINCIPAL THREAT OF FUTURE DIRECT
CONTACT/INGESTION OF CONTAMINATED GROUNDWATER POSED BY THE SITE THROUGH THE USE OF TREATMENT
TECHNOLOGIES.  THEREFORE, THE STATUTORY PREFERENCE FOR REMEDIES THAT EMPLOY TREATMENT AS A
PRINCIPAL ELEMENT IS SATISFIED. 


